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* THE DEVELOPMENT OF IMPACT SENSITIVITY TESTS
AT THE EXPLOSIVES RESEARCH LABORATORY

) BRUCETON, PENNSYLVANIA DURING THE YEARS

1941-1945

Edited by:
H. Dean Mallory

Approved by: E. C. Nconan
Chief, Fuels and Propellants Division

- ABSTRACT: This NAVORD Report consists of reproductioans of reports

. which are no longer generally availzble, They report work cavried out in
1942-45 at the Explosives Research Laboratory, Bruceton, Pa. The

” . Bruceton Impact Maching (now used at the Naval Ordnance Laboratory)
is described, and the development work with it is fully reported. Iz is as

i a result of this investigation of 14 different tool types (hammer a=d anvil

| combinations) and of other variables affecting the test value that the
present NOL standardized impact sensitivity test for high explosives was
selected.

Most of the ERL work was carried out by Rogers F. Davis
whose progress reports are the majcr portion of this NAVORD Report.
: Summary reports of his work have appeared in OSRD reports 8C¢ {1342)
and 5744 (1945). The first of these is also reproduced in this report.
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NAVORD Report 4236 16 March 1956

The interest shown in impact sensitivity testing at the Naval Ordnance
Laboratory conference on Explosive Sensitivity, 28-29 June 1955,
pointed to the need for information on this test method. The present
report represents the whole of the £ERL data available to Naval Ordnance
L.aboratory workers. The complete reports have nut previously been

available to others.

This information is issued under Task NO 301-664/43006/12040. The
rcport is for information only and is not intended as a basis for
official action.

W. W. WILBOURNE
PAUL M. FYE 2
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; THE DEVELOPMENT OF IMPACT SENSITIVITY TESTS
‘ AT THE EXPLCSIVES RESEARCH LABORATORY
A BRUCETON, PENNSYLVANIA DURING THE YEARS

: 19411945

Introduction

Darin; World War II, interest in explosives research was
stimulated and much was accomplished. The aspect of the subject related
to the ease of initiation and propagation was dealt with by a number of
groups but principally those associated with Bowden and Ubbelohde in
the United Kiagdom. Their results have been published both in the
classified and open literature. Frofessor Bowden and his co-workers

:, have published extensively in the Proceedings of the Royal Society, and
' in addition the monograph by Bowden and Yoife, Initiation and Growth
of Explosion has been widely read. Professor Ubbelohde and his
co-workers have published their collected works in Phil, Trans.,
A241, 197-295 (1948). Impact testing has been an important phase

of the British work,

especially the development of methods, was done at the Explosives
Research i.aboratory, Druceton, Pennsylvania during the period
1941-1945. Results of the work were published as OSRD Report 804
{1942) and OSRD Report 5744 (1945). The first of these is in the form
of a brief progress report {which is inciuded in the preseat collected
report) while the second is a summary of the findings which includes
a short description of each tool type and sonie oi the results obtained,

{

¢

j

|

! . A large part of the United States’ Impact Sensitivity work,
{

!

1

Dats from most impact machines will, in a general way, be
found to matca the sensitivity orders as deternined by one of the ERL
tool types. It is huped that information such as tiis will be an aid in the
understanding of impact data. By following th~ otep by step progress
made during the evolution of the varlous tools, some groups may decide
their tests can be improved upon by adapting a different tool design to

their available machine. .

4
- With the exception of the first few pages which are from
. OSRD 804, the present report is made up of detailed progress reports
by Rogers F. Davis to Dr. E,H. Eyster at the ERL, Bruceton, Pa,
The original editions ware limited to about five copies of each, itis
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therefore obvious why most persons engaged in impact testing are not-
acquainted with them although they have probably read the two OSRD
Regports, 804 and 5744, .

Although it might have been possible to reissue the two OSRD -
Reports instead of the present detailed material, it was felt important’
that all the information be made available especially now that further
attempts are being made to understand the mechanisms of initiation,

t seems reasonable to suppose that the hot spat idea, as suggested by
Ubbelonde and developed by Bowden, can now be extended by considering
the effects of heating tirnes. It is not too difficult to detect the time
element, in a rough fashion, in Davis® data as tuola are used which
bave various degrees of continement; the kot spot temperatures reported
by Bowden may in this way be somewhat dependent on tool type.

This collected report has been made up from the following:
1. ‘s 804 (the impact part covering work up to July 1942)

2. The Behavior of Explosives to Mechanical Shock (covering
the period August 1942 through June 1944)

3. The Behavior of .osives to Mechanical Shock as
Studied by Bruceton Impact [ a No, 12 (covering the period August
1943 through July 1944) ‘

4, Concluding I siox « ¢ the Problem of the Behavior of
- Explosives to Impact (dat. Jctober 1945)

The roports have been kept in the above sequence to make it easier to
follow the chronological development ¢ the work.

_ A uniform page numbering has been adopted throughout this
report. Every page carries a Roman numeral referring to the number
of the oriminal Bruceton report, followed by a number designating the
page within that pacricular report (I -1-13; II-1-108; II1-1-51; IV-1-29),
Irameciately below is the page number of the collected report (1-200),
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Report I (from OSRD 804)

Direct Impact Tests
The work described in this section has been performed by
Mr. H. Knudser, Dr. C. H. Sage, Dr. E. H, Eyster, and
Mr. Rogers Davis.

' Of the three impact machines of the Bureau of Mines only the
so-called amall one has been found suitable for general testing work

on military explosives. It is described in the Bureau bulletin No. 346,
but certain modiiications have been introduced for the purposea of this
work. Thus the heavy striker of the original machine has been replaced
by a small steel r2d, 2 inches long and 1/2 inch in diameter made of a
high -grade alioy steel (Ketos steel) properly hardened by heat

trcatment.

HARDENISG FROCEDURE FOR KETOS ANYILS AND STRIKERS

Put prece t> be hardened in furnance when temperature reackes

680°C. Raise temparature quickly and hold constant for fifteen minuies

as follows:

1/2 inch piece 1 1/4 inch piece
800°C 815°C

Ketos Steel

Queanch in water-free oil until cool enough to hold in hand.
Then transfer immediately to a tempering oxl bath for two to three hours.

Temperature held at 230°C,

Ketos steel is obtained from the Crucible Steel Camzpany.

The anvil has been made in the form of a rod of the same steel,
1 1/4 inch in diameter and from 1 to 1 1/2 inch long depending on the type
of holder used. Both are mounted in a steei frame (See Figure 1) ¥ which
is realily removed from the machine for interchange of damaged parts.
The striker siides in a vertical sleeve opposite the center of and
perpendicular to the top surface of the anvil; the latter is firmly held
in the frame and rests directly on the heavy base plate of the machine.
The 2 kg. weight of the original machine has been replaced by a 5 kg.
weight for the majority of tests,

- . e e e e A" e e e e e s e e

*Figure ! not available in original -1b
repors. "
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A second machine has been built, using the same striker-anvil
unit but emtodying several changes in the mechanical details of
construction. The most iniportant one of these is 2 mechauical release
~ of the weight, rather than a magnetic one. Actual experience has skown,
' however, that the magnetic device is really preferable, as giving a more
reproducible trajeztory of fall of the weight. This second machiae has
been provided with a device to prevent retound. The observation of
detonation or irpact is auditory oz both machines. With some explosives,
particularly the less sensitive ones, only partial detonations are usually
observed, «hick are sometimes difficult to classify; this, however, is
only one of the leiser difficulties of these tests.

e Leid S ¥ “-0‘ .

v - i,
o

In 2ccord with other reports on the subject, the work with these
machines sooa skowed that the precise form and nature ot the striking
surfaces, as well as the manner of distribution of the explosive and its
form have profouzd effects on the results of the tests.

4 .

Experimeats have been made with a considerable number of
! ‘ditferently fai=idzed strikers and anvils, but most of these have been
: found impracticable because of a variety of reasons. The chief of them
were ihat: a) the metal parts did not stand up well under the punishment,
‘ giving irreproducitle results; b) the relative sensitivities of the known
] explosives did rat fall into a series commonly accepted, the duplication
of which seemed to be desirable, and c) the designs were too "insensitirve™
i.e., only very sensitive compounds could be fired with the maximum
available energy, 5 kg. weight from 100 cm. height,

Extended series of trials have been made with the following
designs of the striker-anvil combination:

Ainds C&-.w.-.—-

1) A flat-ended striker of 1/2 inch diameter on a flat anvil.

LT TT 3

2) Same design as No. 3, but the flat anvil is replaced by a
truncated cone, the flat top area facing the center of the cap being
1/4 inch ia diameter.

3) A Cat-ended striker turned down at its lower end to
0. 306 inch diameter, over which slips a brass cap (standard percussion
caps, obtaiaed from the Western Cartridge Company, East Alton,
Dlinois) of 0.310 inch internal diameter and about 1/8 inch high. The
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anvil is flat and the explosive is placed in the cap.

4) The striker has a flat bottom 3/8 inch in diameter with a
bevel 3/64 inch wide ground around the edge at such an angle that good
contact is made with the surface of a spherxca.\ depression ground out in

the anvil on a 1/2 inch radius.

5) The striker is flat ended ard fits snugly intoc 2 flat-hottomed
depression in the face of the anvil, 1/16 inch deep and 3/8 inch in
dian:eter. The explosive is placed in this cepression and covered bty z
layer of tin foil. The striker is then pressed into the depression sc ihat

the foil acts as a gas seal around the edges.

6)  Same de sign as No. 2, but a spherical depression 3/i6 inch
in diameter is ground out on the top face of the anvil on a 1/4 inch

radius.

With all designs it is essential to use a standardized quantity of
the explocive, the striker must be pressed by hand orto the sample before
dropping the weight and the parts must be washed with a suitable solvent
after each trial. Even though all efforts ars made to standardize the
parts and their heat treatment, it is not always possible to duplicate the
data of one particular set of parts with the next one, s:emingly identical.
Lese satisfactory designs among those enumerated above, give heights
for 50% explosions which vary by as much aa a factor of two from oue
set of parts to another. Furthermore, the sanue set of parts shows
changes in results due to progressive wear, although such changes are
freguently not pronounced. Nonetheless it has been found essential to
make tests on standard substaaces at very frequent intervals. This,
naturally, delays the progress of the tests and hence a relatively small
number of trials is now made on each material. What is lost thereby in
statistical accuracy of the result, is gained through bzotter presecvation
of parts for the next series of trials with a standard substance. Unless
the parte show obvious signs of wear and of irreproducible behavior,

the presently accepted test includes tut twenty trials on the new matenal
followed by an equal number on a standard.

The materials are measured out for the triah not by weight bt
by means of a small spoon holding about 20 mm3 of the explosive., This
procedure is faster and yet does not impais the results significantly.

1-3
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All materizls are carefully dried before triala but otherwise most
new materials go into the tests as received. Afterwards they are
remeasured after grinding and sieving, only the fraction passing No. 100
and retained on No. 200 being used. All standards are used after similar

sieving.

With mixtures, particularly including substances of greatly
differing sensitivities, sieving must be avoided to p.-event segregation.
Milled mixtures, particularly those including waxy substances, are not
subjected to further grinding to avoid changes in the state of
phlegmatization. Cast mixtures also often give quite different
sensgitivities from those of a2 simple mechanical mixture of the same
ingredients. The procedure has therefore been developed of casiing very
thin wafers of such mixtures between glass plates, stripping them, cutting
to size, inserting into th. brass caps of Noe. 2, 3, or 6 design, and
cautiously fusing again or the bottom of the cap by heating.

The operational procedure is as follows: a trial is made at some
arbitrary height of fall and for the next trial either the next lower or the
next higher height is chosen, depending upon whether explosion did or
did not take place. This is continued until the test is completed. Trials
are made at intervals of | cm. or more, depending on the total height.
The trials are continued until scfficient data have been accumulated and
then a standard is run in the same manner,

Table I shows a typical set of trials, capital E's indicating
explosions, capital N's absence of same. All partial audible explosions
are counted as E's bul 2 mer~ visual charring of parts of the charge is
considered to be an N. !a cal.:ilating the height of fall which gives
50% explosions, it is assumed that: a) if, in « trial from a given height,
explosion occurs, explosici- would have occurred in this trial from any
greater height; b) if, in a trial from a given height, nn explosion occurs
no explosion would have occurred in this trial from any lower height.

To express these assumptions, lower case n's are written in Table I
below each capital N and lcwer case e's are written above each E. To
calculate the percentagec explosions for each height, one takes the sum
of all N, n, E, e for this height and divides by this the sumof E and e,

thus:

ZE + Xa
percentage explosions = TEtEXe tEN T £En x 100

This prucedure is a convenient and rapid one for determining the
1-4
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height for 50% expiosions, if it is combined with the above deacribed
procecdure for carrying out the trials. It should not be used with the more
conventional procedure of making equal numbers of trials at preselected
heights, as erroneous results will be obtained. It is also not correct for
determining the height for any other percentage of explosions, except the
50% height. Finally, it must be noted, that, all data are discarded in

the beginning of each series of trials until a break is reached, i.e., if

at first exp.osiors were obtained, the data are taken from the first trial
without explosion and if the trials started with non-explosions, then the
first valid result is an explosion obtained by successive raising of the

height of fall.
TABLE I

A TYPICAL SET OF IMPACT TRIALS

Height

of Wgt. 1 2 3 4 5 6 7 8 9 10111213141516171819 20
60cm e e e e e e E o . e .
55cmn E e E e e E N E E e e
50 cm E N E e N N «© N E E
45 cm N n E N n nn n N

40 cm n n Nnn nn n n

60 em 11 = 100 %E 50% pt. = 50 em.

55cm 10 = SI%E

1
S0cm 5_=50%E
10
45cm 1 = lI%E
9
40cm 0 =0%E
9
1-5
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We shall now consider the different designs of the striking
surfaces one by one. :

Desi;n No. 1

This design gives reproducible results on Cyclonite (23 ecm.) and
more sansitive materials, like PETN (15 cm.) etc., if the area of the
explosive under the striker is controlled. TNT gives partial and only
o ccasional detonations at heights of fall even as great as 300 ean. Even
for Tetryl this design is unsuitable. The following Table II shows the
percentages of expiosions (calculated by the conv~ntional procedure of
making equal numbers of trials at preselected heights) as function of
height, obtained for Tetryl. It will be observed that the percentage of
explosions first increases with height of fall, but then decreases and does
not reach 50% at any height tried. The explanation of this behaviour is
found in the easy explusion of the material from between the smooth steel
surfaces of the striker and the anvil. Befoire enough energy has been
‘ supplied to particles of Tetryl to ignite them, they are scattered about.

; { Only a small fraction of the initial sample is left under the striker and this
!
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is found in the form of an extremely thin, wax-like, non-crystalline layer, :

which is probably just as difficult to bring to detonatizn as is gelatinized i

nitrocellulose (compared with the fibrous material). The observed ’
. decrease of percentage explosions at greater heights is probably due to
‘- both causes; more complete ajeclion of the material and more complete
"gelatinization' of the remaining fraction.

} . Very striking results are obtained by placing tin foil (0.0005 inch
thick) on the anvil, then the sample, then foil again. The neights for more

sensitive explosives are not greatly changed thereby bit now Tetryl is

found to be more sensitive than Cyclonite. (Sec Table III). This is a

: finding which, as will be szen later, is obtained wirh all designs providing

: : large resistance to lateral motions of the explosiv.: particles and placing

- the sample in a condition of '"high confinement'' as regards the freedom of

escape of the products of explosion.

"When a small depreseion is ground out in the anvil of No. 1, the height of
fall {for 50% detona .on with Cyclonite is depressed to 7 cm. although
neither Tetryl nor TNT can be located on the scale reaching up to 100 cm.
1 Thus with such design we find conditions opposits to those obtained with tin

;,;‘ foil. '.
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Design No. 3

This has recently been adopted as standard for explosives of equal
or greater sensitivity thar Tetryl. The advantages are a r2pid execution
of tests, good rerroducibility ard a ''reasonable’ sequence of
sensitivities of tie several common explosives tried. Witk Zr=ights of fall
of more than about 70 cm. the striker deteriorates rapidly and yet TNT
with this design is still above 100 cm. The excellent rep=cducibility is
shown 1n Table IV which gives results of tests on a series of materials
consisting of a rather insensitive crystalline filler with a resinous binder
which incrzases the sensitivity,

The type 3 anvil and striker combinatioa has now bean in use long
enocugh so that a critical study can be made, both cf this particular device,
and also of the operationa® procedure adopted for determi=irg the 50%
explosion points. During the recent intensive study of the sensitivities of
cyclonites prepared by various means, a sample of cyclo=ite received
from England has been used as a standard. We now have <ata on this
material which include well over a thousand falls of the weight, and hence
a reliable statistical treatrnent should be poassible. Norr=ally one run of
twenty shots on the standard is made ea: % day, and this s=cmary includes
results from fifty-four such runs, extending over a iwo and a half-month=—==——=u
period, and no results have Leen discarded. During this me a large
number of strikers and a smaller number of different anvils have been used.

Figure 2* i3 a plot of the per cent explosions obtaized against the
height of fall of the 5 kg. weight. Because of the procedcre adopted, in
which the height of fall is lowered or raised after each trail, depending
upon whether an explosion is obtained or not, moast of the trials are
confined to a rather narrow region in the neighborhcod cf the fifty per cent
point. For example, there were 353 trials at 50 cm., 251 trials at
55 ecm., 252 trials at 45 cm., but only eighteen times was it necessary to
g0 to a height of 65 cm., ~r one of 35 cm. From the graph it is seen that
the 50% point is at 50 cm. (It should be pointed out that T.e== results
include only actual Jalls of the weight, and no “'assumed’ results are used,
as is done in our standard method of treating the resuits.)

In order to give an idea of the reliability of our standard method of
obtzizing the sensitivity from a run of twenty chots (for want of a better
nama we shall refer to this as the "Bruceton rethod" to distinguish it from
the conventional method) we give in Table V the values obiiined for the
fifty percent explosion points in each of the fifty-four rurs of taenty shots

each.
*rigure < not available in original report.
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TABLE II. - :
HEIGHT VS. % EXPLOSIONS OF TETRYL ON NO. 1 ILESIGN .
Height, cm. 0 30 50 75 :
% Explosion 0 25 20 10
TABLE I
COMPARATIVE SENSITIVITIES WITH SCME OF THE
DESIGNS TRIED
Figures given give height in c:n. for 50% explosions with a
5 kg. weight
Design COMPOUNDS
PETN Cyclonite Tetryl P.A. TNT Trinitroanisole
No. 1 15 23 >100 >100
No. 1; tin foil 6 17 8 >100 *
No. 3 29 50 47 >100
No. 2 45 4“4 >100 .
No. 2; tin foil 21 18 62
No. 4 10 19 20 about 100 >100
No. 5; tin foil 8 20 10 45
No. 6 33 56 64
TABLE 1V
EFFECT OF A BINDER ON 50% EXPLOSION HEIGHTS ON
NO. 3
% Binder 0 1 2 k) 5 7 10 15
Height, cm. 88 ~ 27 23 18 1?7 14 13 10
1-8
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TABLE Y

RELIABILITY OF THE BRUCETON
METHOD

No. of Tiz.:: Obtained

e S OIS Y VT

41 cm,
42 cm.
43 cm,
44 cm.
45 cm.
46 cm.
47 cm.
48 cm.
49 om.
50 cm.
S1 em.
52 cm.
53 cm.
54 cm.
$% em.
56 em.
57 em.
38 em.
59 cm.
6¢ cm.

"'°°°"""NOMO~IM~D~N.-Q..“

Total 54

It is seen Jrom this table that in fifty-four trials, the 50% point

found was never more than {0 cm. from the true value, 50 cm., and in
40 cases, or 74%, the value was witain 3 cm. of the correct one.

A few experiments have also been made to compare more direct-

ly the results with the "Bruceton' method and with the coaventional one.
On five different days, a run of twenty shots was made on our standard
cyclonite and the 30% point calculated by the Bruceton method.
] ‘ Immediately thereafter, forty shots were made alternately {rom a

' height five centime:ers above and five centimeters below this fifty

percent height,
wag obtained. In order to give an idea of the variations experienced, the

From these forty shots, a second fifty percent height

1-9
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;' the results are given for the first twenty and second twenty shots of each
3 batch of forty shots. These are shown in Table VI, where E means
1 explosion and N meaxs no explosion.
i . TABLE V1
‘ A COMPARISONX OF THE BRUCETON METHOD WITH THE
i CONVENTIONAL METHOD
[
; Expt. Bruceton 1st 20 2nd 20 40 Conventional
i No. 50% Height Shots Shots Shots 50% Height
! f 1 50 cm. 55cm. 8E 2N 7% 3N 15E 5N 45 cm
i- e 45em, 5E SN 5E 5N 10E 10N
t
1 ‘
2 S0em. S5e¢em. 6E 4N 6E 4N 12E 8N
i 45em. 2E SN 6E 4N 8E 12N 50 em.
’ 3 49cn.. 54cm. TE 3N E ‘N 13E N
; ' 44cm. 4E 6N :E 9N 58 ISN 59 em.
4 48cm. S55cem. 9E IN 8E 2N 17E 3N
45cm. 2E 8N 1E 9N 3E I7N 50 cm.
5 53cm. 58 cm. 6E 4N 6E 4N 12E 8N
y- 48cm. 3JE TN SE SN 8E 12N 53 ecm.
The agreement between the two sets of results is very good, and
both rema’n close to the true value of 50 cm,
: The important feature of the Bruceton method is that it makes it
extremely probable that the fifty percent height will lie within the

reasonably narrow rangs in which shots have been made. The particular
method adopted for finding the fifty percent height from the measurements
is simply an objective way of amoothing the results and obtaining an
answer. Actually, if one takes instead merely the midpoint of the range
over which shots have been mvade, the results are very little affected.
Theue staternents are not meant to imply that the conventional method of
making equal number of shuts at several preselected heights will not

give good results, but rather that the Bruceton method, we believe, will
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give a reliable answer with a smaller numter of trials.

De li@ No. 2

e g e twm o e e ¢ e e ——— s -

This design lowers considerably the heights of fall for TNT,
bringing it almost onto the scale of the 100 cm. machine, but alterl the
heights for the more sensitive compounds but slightly.

Tin foil, however, has very profound effects on the results, as
was the case with design No. 1, Table III gives heights of fall for
50% explosions for designs Nos. 3 and 2, the latter with and without tin
foil. Equally striking results are observed ia Figure 3lwhich shows the
sensitivities of mixtures of Cyclonite and TNT as function of caompoeition
and of the machine design. It is evident that almast any dependence of
sensitivity on composition can be obtained at will and therefore we do not
attribute any fundamental significance to the composition-sensitivity curves
described by Urbanski®.

It is interesting to note that the effectn here describied for tin foil
are apparently not connected with the chemical nature of this material.
Very similar, although not recessarily identical results, have been also
obtained on using cellophane or thin rubber membranes. Painting of
the striker with rubber cement or depositing on it 2 thin layer of wax also
result in extensive lowering of the 50% points and in "inversions' of the
sensitivity order of some explosives. And yet, wax mixed with the same
explosives acts as a phlegmatizer, i.e., raises the 50% points, »

De s_iEn No. 4

This was used extensively during the summer of 1341 but is now
not much used because of poor reproducibility of the results, in particular
because of difficulties in preparing similarly acting metal components.
It covers about the same range as No. 2. TNT does not fit oato the 100 cm.
scale but all more sensitive compounds can be studied by this machine
design. Table 111 gives comparative heighta of fall for 50% explosions, but
these have little absolute significance because of the wide scattering of

data.

%Zeit. F. das ges. Schiess. -und Sprengsw. 33, 41 (1938)
lFiguro 3 notavailable in original nrort.
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De sign No. 5

Design No. 5 is the extremc cace of inversions of the "conventional”
order of sensitivities of comumon explosives, ~which is undoubtedly
associated with the extreme confinement to which the materials are

‘subjected here on impact. It is a very "sensitive’ design, i.e., even

insensitive explosives give low 50% poirts with it. Table III shows some

of the resulty obtained, but absolute figures have little significance since
the results are not very repronducible. This design is now in use only for
very insensitive pure materials and for liquids, for which it is more
suitable than the others. The chief cbjections are the difficulty of making
teproducible indentations in the anvil, poor reproducibility of the .esults
and the "unnatural"” order of sensitivities of some of the comnmon explosives,
particularly of phlegmatized mixtures.

Design No. 6

Design No. 6 is still in a very experimental-stage but appears to
be suitable for work on insensitive compounds, provided it can be made

sufficiently reproducible. It is more *'ea2asitive' than the similar design
No. 2, a finding that could have Leen expected because in other cases also
the introduction of a central indentation in the anvil lowered the 50% points.
In the present case, the lowering is particularly marked for insensitive
materials, 23 is shown by Table lII. This design is being considered for
work with materials of the TNT type.

The pre=ceding descripticn seems to us to be ample evidence that
it is futile to speak of the impact acnsitivity of an explosive, even relative
to that of a standard, unless the design of the machine used has been
rigidly specified. It has teen frequently stated in the literature that
impact sensitivities of explosives form a very definite series but that
frictional sensitivites form a different series, and that, depending on the
amount of friction in a blow, different results may be obtained. This is
undoubtedly true and, in fact, explainas much of the data presented above.
However, from th: mechanical point of view, all machine designs
described here deliver direct impacts, not frictional ones., We mean by a
direct impact one in which the moving surface strikes a perpendicular blow
on another one, while by a frictional impact is meant one in which a
glancing blow is delivered. From this point of view all designs here given
are substintially identical., They differ, however, very much in the extent
to which the explosive itself is moved by the impact. In design No. 1,
the explosive is freely scattered from under the striker; in designs

1-12
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Nos. 2 and 3 it is driven outwa~ds 2gaind the resistance of the brass cap,
which is alway. found bulged by a ring of the explosive substance after a
negative trial; in designs Nos. 4 and 6 the material is partially drivea
towards the center of the anvil, where it is subjected to high campressioa.
Finally, in designs using tin foil or other soft materials, particularly

in design No. 5, the motion of the explosive is greatly hindered by the
increased friction against the soft, yielding mcterial. These statements
are all confirmed by actual chservations on the explosives after negative
trials and they must account for the wide variety of the resuits obtained.

In service use an explosive may be subjected to a great variety of
sudden stresses and no single laboratory test can be expected to reproduce
them all at once. Worse than that, it is very difficult to decide which
laboratory design correctly reproduces a given service hazard. A large
body of empirical knowledge has been accumulated, however, which would
suggest that designs numbered before a5 Nas. 1, 2, 3, and § without tin
foil) measure reasonably faithfully the relative hazards encountered in
handling several explosives considered. These designs, therefore, we now
prefer to use, although we believe that in order to explore more thoroughly
the dangers of a given new material, it should be tested on more than one
design in the laboratory and then subjected to very extensive large scale

trials.
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REPORT U :
Bruceton, Pennsylvania
July 4, 1944 .
Rexzort to: Dr. E. H. Eyster
From: Rogers F. Davis
Scbject: A Report on the Behavior of Explosives to

Mechanical Shock

From some of the literature (1, 2......22) and past research
t=ere has developed the idea that to investigate explosives as to their
reszonsae to mechanical shock will arrange these materials in a general
orcer of behavior or sc-called scnsitivity, This general order is thought
to be of value in regard to practical handling of various explosives in that
izZivzduals may learn of dangerous, shock-seusitive materials and may
thereby minimize accidents by observing carefulness. Too, this general
orler is thought to reveal commercial and military possibilities of a given .
explosive as far as general handling is concerned.

Investigating the behavior of explosives to impact or shock usually .
invoives placing a small quantity of material on a {firmm tase or 2avil and
izserting through a guide ring a piston or striker which ias brought to rest
atop the small charge of explosive. A weight 0 hammer of known mass is
the= permitted to fall under gravitational influence so as *o - ~use impact on
tte striker-explosive combination. The necessary height all or drop-
heizkt to cause explosion becomes the characteristic evaivation of the
se=sitivity of the explosive. Most investigators use as the criterion the
misimum drop-neight needed to produce an explosion in at least 10 trials.
Mazy evaluations have been regorted in past literature {1, 2.....20) without
the sroper emphasis on a description of the method of testing the explosive
and on the degree or intensity of explosions resulting from the listed drop-
heiz=ts or impact energies. The method of testing is most important, as
s:iz=t variation in the construction of strikers and anvils will change the.
orders of sensitivity of explosives. Strong evidence of these phenomena
is seen from various designs described in this report.

:
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Other methods of evaluating sensitivity involve measuring the
amount of gas produced during a given explosion. The Rotter machine is
perhaps the most familiar in this realm. Such procedure is defiritely
more scientific than previous evaiuating methods, but has the disadvantage

of being time consuming.

Sorae investigators {Dr, W. 8. Koski, Hercules Powder Company)

have attempted to measure the intensity of scund of explosion as a
criterion for the amount of material expioding; however, interfering

noises make this appreach difficuit.

At Bruceton explosions are detected by auditory means, and it has

become the practice to identify and compare explosives by the dsop~height
needed to produce explosiozs in 50% of the trials. Also kept in mind are

the minimum drop-heigut to produce an explosion and the drop-height at
which explosions occur in every trial,

Tue 50% explosion drop-height was chosen as an abbreviated

20-trial determination or "run' was developed (21) in 1941 for which the
50% explosion height was accurate. The procedure involved is discussed
later in this report under the s~ction describing the No. 3 Bruceton design.

The conventional procedure is to carry out a series (20 or more) cf trials
at varioas drop-heights to obtain 0-100% explosibility; which involves at
Jeast 100-200 trials per explosive or sample. Because of the large
number of samples at Bruceton and the limited supply of impact machines,
it was essential that an abbreviated procedure be developed for routine
determinations. The conventional procedure has likewise been employed

at Bruceton whenever extensive studies were pursued.

0.S.R.D. Report No. 804 (21) discussed sensitivity studies with
some six Bruceton designs used at that time. By a design is meant a
given set of conditions in the forin of the type of striker and anvil used.
Since August, 1942, there have been developed methods designated as
Designs No. 7 - 13. All of these latter designs are used with a large
impact machine which has a maximum drop-height of 337 ¢cm. or about
11 feet with either a 2.5 or 5.0 kilogram weight. Designs No. 1-6 were
all used with smaller machines of 100 cm. maximum drop-height. The
presert writing is to discuss the more important results obtained with
deesigne 7 - 13 and additional (since 1942) data frusn designs 1, 3 and 5,

The interpretation of sensitivity data obtained by the conventional
method of testing has produced some interesting and confusing aspects.
-4
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We obviously know that the percent explosibility or the probability to
explode is a function of the drop-height, but doubt has existed as to the
exact nature of this function. When probability to explode {syronymous
with % expiosions or % explosibility) is plotted as a function of the
logarithm of the drop-height, an elongated S-shaped curve results. This
becomes more prominent when a large (at least 100 number of trials are
carried out for a given drop-height. Taylor and Weale (3/16) attempted
to treat the curve as a statistical distribution obeying the Maxwell-
Boltzmarn distribution law. This was likewise thought by this acthor in
that these curves are similar to the integrated form of the Guassian .
norm il ercor function and that probability is involvad in sensitivity
studies. However, it seems that the curves are similar only in shape.
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The relationship may be a linear one, with a general type equation
of the form SK = EA, where S is the drop-height, E the % explosibility or
, probability to explode, K is the slope and A the theoretical E-intercept
I {when $=0) on a log-log plot. A has a large negative value and possesses
) no physical significance. It is needed only to give a specific equation for
! each expiosive; thus with knowledge of A and the slope, K, the theoretical .
: : sensitivity curve can be drawn.

Although the theoretical relationship between E and S may be linear, .
; the practical relationship becomes the complex S-shaped curve. An '
: equation to fit these curves is meaningless, as many trials are needed to
obtain the exact shape of the t2ils of the curve. The tails are most likely
caused by the fact that the drop-hammer does not fall in the same manner
: for each trial. Identical hits or impacts on the striker are likewise not
obtained fcr each trail; and as a result, certain stress concentrations
from ivrezular impacts produce certain or doubtful explosions (depending
upon the explosive) at drop-heights which theoretically should produce no
explosions, or likewise produce a failure to explode at drop-heights which
theoretically should produce explosions in every trial. Even the slightest
clearance, .001 - . 002", between the guide ring and the striker leaves a
region for mobility of the striker and produces irregula: impacts,
Unfortunately, such clearance is needed with a striker-guide ring design,
to permit removal and insertion of the striker. Even a slight irregularity
during an impact process of this kind can cause enormous energy
: dissipation or concentration. Diagrams 1-4 give 1 few of the possibilities
| during impact of this type which would cause deviations. Another factor,
digcussed later, is that the elastic propetrties of a given explosive vary, .
which in turn causes deviations in the pressures produced during such
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ANVIL

M

~—=EXPLOSIVE

(1)

IDEAL CONDITIONS

DOUBTFUL EXPLOSION AT
UNEXPECTED DROP -HEIGHT

A FEW OF THE POSSIBLE DEVIATIONS DURING AN IMPACT

(2)
EXPLOSION AT UNEXPECTED
DROP-HEIGHT

FAILURE AT UNEXPECTED
OROP-HEIGHT

PROCESS SUCH AS IS PRESENT IN SENSITIVITY STUDIES.
I-6 ) o
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(1) (2) (3)

‘\é
L
AN
~
(4) (5) (6)
ST

(7) i8) (9)

SHOWM ABOVE ARE 9 SUCCESSIVE CARBON PAPER IMPRINTS OF THE IMPACT
OF A 50 CM. FALL OF A 2.5 KILOGRAM HAMMER ON A l'/q' DIAMETER STRIKER.
THESE IMPRINTS SHOW THE BEHAVIOR OF THE HAMMER DURING IMPACT, ALSO
SHOWN ARE SUCCESSIVE IMPRINYS OF THE STRIKER~ANVIL. SURFACES FROM
THE IMPACT OF A 2.5 KILOGRAM HAMMER FALLING 50 CM. YHESE SERVE TO
ILLUSTRATE SLIGHT VARIATIONS AS THE COLOR INTENSITY 1S SEEN TO VARY
AMONG IMPRINTS

DROP -HAMM§R7ON STRIKER
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Another approach to the interpretation of sensitivity resuits is to
plot the % explosions as a function of the logarithm of the drop-height on
probability graph paper. The tails of the S curve are here avoided and a
linear curve results, The use of probability paper is based upon the
assumption that theoretically the S curves are asymptotic at the lower and
upper ends, i.e., there is always the probability of an explosion as zero
drop-height is approached and likewige there is always the probability
of a non-explosion as infinite drop-height is approached.

In certain portions of this writing sensitivity curves will be shown.
These will be identified as the practical or actual S-shaped curves obtained
Vy piotting the % explosions or probability to explode (P,) as a function
of ihe drop-height on semi-logarithmic graph paper; as a general theoretical
linear curve on a log-log plot of the same, although the opinion of late is
that the log-log plot is only an approximation. In reality this plot removes
only the lower tail of the S-curve and produces strange orders of
sensgitivity at the X-axis intercept; however, these graphs are presented to
illustrate this point of discussicn.

Practical curves will be identified by the graphical value of the
50% explosion drop-height and the slope of the curve at that particular
point. "Theoretical' curves will in most cases be identified by a general
squation of the form: log E =K log S-log A, where E is the % explosicns,
S the drop-height, K the slope and A the negative E intercept when S=0O.
Log A and K will be calculated from known rounded values of E and S.

In addition to these two types of plots, there will appear plots on
probability graph paper. These curves will be identified by the 50%
explosion drop-height and the slope of the curve. A large value of the
slope indicates that the explosive in question requires a wide range of
drop-height to produce <1 to >99% explosibility; while a smalil slope
likewise indicates that the explosive is influenced greatly by a reasonably
small range of height.

1t will be observed that with these latter probability plots,
different orders of sensitivity may occur at the <1% end of the curve,
i.e¢., the y-intercept., It must be remembered that such values are
extrapolations and undoubtedly are beyond the accuracy of the impact
machine.

Slopes of the elongated S-curves will be determined by drawing a
tangent at the 50% explosion point of the cuise and measuring with a

n-9
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protractor the angle formed with the X-axis, The tangent (from tables)
of this angle becomes the slope of the curve at the 50% explosioun point.

For the probability curves, the slopes will be deterimined by the
familiar formula y; - y|, where X; is .9
(90%) and X is .10 (10%) in most cases. Where a curve does not reach
90% explosioas, appropriate %'s are chosea,

The Bruceton No. 3 Desigg

Since O.S.R.D Report No. 804 {21} the No, 3 or brass cup design
has been adopted as one of the standard sexnsitivity tests at Bruceton. The
design is illustrated in Plate I. The anvil or base {(A) consists of a
hardened ketos steel cylinder of 1 1/4" diameter and 2" height. The
plunger or striker (S) is 1/2' diameter kezos drill rod which is machiued
to a taper at one end to fit a brass cup of 0.308" i{.d. The tapered end ia
ground to 0. 306" diameter for the standaxd test. Plate II shows acother
view of the anvil (A-3), striker (S5-3) and brass cups (C-3)., Plate lII
presents a side view of the striker-anvil haolder device (H-II). The same
design is applicable to the large impact machine and the respective parts
are seen in Platas Il and III. Plate III shows this halder with a design
No, 1 striker inserted.

The No. 3 design is ideal for the initiating and booster type of
explosive, but is limited for materials of the TNT class. The maximum
drop-height is restricted tc 100 cm., as the striker tips tend to bulge so
as not to fit the cup. These tips likewise will develop cracked edges, which
lead to erratic results due to localized pinching and confiaement, '
Booster-type of explosives (RDX, Tetryl) are most affected by cracked
strikers, while initiators such as PETN, lead azide and lead styphnate
are unaffected.

For routine sensitivity determinatioas the so-~called "Bruceton
Method' is used in reporting results., The principle was developed in
1941 by Drs. G. H. Messerly and D. P. MacDoaugall (21). A series of
20 trials is carried out as follows: Assurce that a trial registered E,
or explosion, at 50 cm.; the procedure is to lower the drop-height in
5 cm. incremeéents until a failure to explode, or N, is obtained, then the
height is increased by 5 cm. until an explosion results, and so on,

I1-10
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Thus,
Trial Height Result
1 50 E
2 45 E
3 40 N
t 4 45 E
#
5 40 N
6 45 N
7 50 E etc.
The 50% mack, or height at which explosions occu~ 1n 50% of the
I trials, is used to icentily explosives in routine determinati.nus. This
; _ Rg&e‘ is c;lculated as fcllows: Taking an acteal determinatinn or trua'’ for
' C Trial Height Result Trial Height Result
i .
i 1 50 E 11 S0 E
‘ 2 45 N 12 45 N
j 3 50 E 13 50 N
3 4 45 E 14 55 E
i 5 40 N 15 50 N
z 6 45 )4 16 55 N
| : 7 40 N 17 60 E
J : 8 45 E 18 55 N
1 e 9 40 N 19 60 E
i i 10 45 N 20 55 E
{ ! Condensing actual trials:
i Height ZE : N “E
i 60 2 ° 100
' | 55 2 2 50
) 50 3 2 60
: ‘ 45 3 3 50
‘ ’ 40 0 3 0
o
i
n-14
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If a trial registered E at 50 cm., it is assumed that under the
same conditions for that particular trial there would also have been

explosions at any drop-height above 50 cm. Likewise if a trial at 50 cm.
registered failure, it is assumed that failures would have occurred at any
haight below 50 cm. Applying these principles to actual trials we obtain,

Height LE N *E
60 10 0 100
55 8 2 80
50 6 4 60
45 3 7 30
40 0 10 0

By inspection we observe that the 50% explosion height is between
45 and 50 cm. To calculate the value in cm., to be subtracted from 50 cm.
or added to 45 cm., proportion is applied.

the height in cm. to be added to 45 cm. = 50=%E at 45 cm.

the increment of height between 45 and 50 ecm. %HE at 50 cm.-%E at 45 cm.

numerically equivalent to:

X _ 29 X = 3.3 and 50% explosion height is 45+3.3 or 48.3 cm.

5
also,

the height in cm. to be subtracted from 50 cm. - %E at 50 cm. -50

the increment of height between 45 and 50 cm. %E at 50 cm. -%E at 45cm.

numerically equivalent to:

.3’.(_. = 10 , X =1.7 and 50% explosion height is 50-1.7 or 48.3 cm.
30

With sensitive materials of 50% explosion heights in the order of
6~15 cm,, the increment of height is 2 cm. instead of 5 cm., The
increment amounts in a general way to 10% of the height.

; ; n-15
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A stardard is a common explosive such as RDX, PETN, eor
Tetryl which is tested daily to indicate the condition of the design for
that particular date. RDX is the most common standard substance

employed for Design No. 3.

The 50% explosion height represents ‘e mast accurate portion
of the curve otiained when probability to explode is plotted as a functioa
of drop-height in the case of a large number of trials at given drop-heights
from 0 to 1.0 {i0% E) prodability of E. The Bruceton Method is
accurats withia + 5-10% for the 0.5 probability height and serves as a
rapid means of evaluating explesives in a comparative sense. It must
be remembered, however, that this time saving method is accurate for

the 50% explosion drop-height only.

The No. 3 design was likewise employed to investigate a number
of common and newer explosives in the conventional procedure. These
data are summarized in Table 1 and treated graphically in Figures 1-6.

Significant data are listed on the graphs.

From experience it Lia been found that certain factors affect
results obtained with Design No. 3. Such variables as the diameter of
the striker tips, cracks deseloping along striker tip edges, the nature of
the anvil surface, the nature of the container and the amount of explosive -

placed in the cups all affect results.

Conditions of the striker and anvil were varied in an
investigation involving PETN and RDX. It was observed that strikers with
cracked edges wktich also possessed a diameter of <0.306" affected RDX
more than PETN. A relatively sensitive substance such as PETN seems
s0 classed regardless of conditions, it would seem. Changing the diameter
cf the striker tp from normal 0. 306" to 0. 304-0. 300" deviated the RDX
50% explosion keight from normal 48 cm. to 35 cm., while strikers with
cracked tip edges and undersized diameters gave values in the order of
30-35 cm, PETN was lowered, if any, about 2-4 cm. below normal 30 cm.

Table 1l shows a summary of theve results.

The weight of explosive tested was varied with the explosives RDX,
PETN and Tetryl. Individually weighed charges were used for 20 trials
at each drop-height to obtain data presented in Table III. Abbreviated
“runs'' by Bruceton Method (ibid.} with PETN gave for 5, 10 and 20 mg.

charges 50% explosion drop-heights of 19.2, 17.5 and 21.0 cm.
Nr.mal values here with 30-35 mg. charges average about

respectively.
30 om., 1-16
31
CONFIDENTIAL
- . — - -
‘. . "

R - >,
BT SEPRIPL A L 3K SRR




———— e —

——r—— - —— | S

-——

.t = et d

[PV

= b —

B e R dd dabn o USNU- VPP IRy PRy PR S
Ll -

t me e

S e

e g e L L e S R A

CONFIDENTIAL

NAVORD REPORT 4236

TABLE
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Figures 7-9 show graphic treatment of data from Table III.
As the amount of material tested decreases for PETN, the material
} requires less energy for detonation; but as the charge weight exceeded

3@ mg., a relatively constant drop-height was needed to give an explosion
_ probability of 0.5. With RDX, the 50% marks increased with the charge
J weight; however, as the drop-height exceeded 70 cm., the probability of
explosion appeared constant and the curves merge at 75 cm. The same

behavior heid with Tetryl, with merging at 90 cm. drop-height.

TABLE IL

1
SUMMARY OF 50% EXPLOSION HEIGHTS FOR PETN AND RDX UNDER
VARIED CONDITIONS WITH BRUCETON NO. 3 DESIGN

Substance: PETN Striker Diameter
- Condition - 0.306"" 0.304* 0.302" 0.300"

e ——— - .

i Striker Edges normal (stightly sanded) 37.7 31.2 31.0 35.5
-&T.5 27.1 34,2 R

normal procedure
25.0 30.0 34.2 38.9

Striker edges sharp, no sanding

Striker edges normal, anvil rough 28.7 3o.o0 30.0 31.9

Striker edges sharp, anvil rough 32.9 29.0 29.0 30.0

e . e

Striker edges cracked, normal anvil 21.9 33,5 27.5 28.1

21.9 27.5 27.1 37.5

Striker edges cracked, rough anvil

Striker edges normal, 2 scoops PETN
( 60 mg)
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} ' TABLE If (cont'd)
4 SUMMARY OF 50% EXPLOSION HEIGHTS FOR PETN AND RDX UNDEIi
= M VARIED CONDITIONS WITH BRUCZTON NQ. 3 DESIGN
s 1 Substance: PETN Striker Diameter
! - Condition - 0.306" 0.304" 0.302" 0.300"
1
) Striker edges sharp, 2 scoops PETN 32.1 30.6 45.0 32.3
; 36.2 29.2 36.2 38.8
i ¢ '
: 1 Striker edges normal, 2 scoops, rough
l : anvil 3.2 30.6  ecce ame-
! ' Striker edges sharp and cracked, .
f 2 scoops, and rough anvil==———===—=3F § 31.4 34.2 35.0
f ; 4.2  28.1 36.6  34.0
' |
‘ : Substance: RDX
4 3
' ¢ Normal Proc:dure 47.4  33.3  40.8  34.0
g Striker edges sharp 38.1 36.8 45.0 39.1
i Striker edges sharp and cracked 371.5 30.6 32,3 34.0
f t; Normal striker, 2 scoops RDX
! . } { (70 mg) 49.2  40.0  47.5  42.0
1
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Figure 10 shows the 50% explosion height as a function of the
amount of material tested for PETN, RDX and Tetryl on a log-log plot.
PETN data with a 2 kilogram hammer ar also shown and each point for this
curve is the average of two Bruceton Method ''runs® using the indicated
charge weights. it is of interest to note that as the weight of charge
approaches zero the 50% explosion height becomes independent of the mass
of the hammer. This is in agreement with Koski and Lawrence (22).

Yarious mixtures of RDX and PETN were investigated by the
No. 3 Desiygn and the 50% explosion heights ottaized. These data are
summarized in Table IV and graphed in Figure 11. with the 50% explosion
height as a function of the PETN content. The relationship is linear,
as expected. The PE'TN used at the time of this study posseaced very fine
crystals and was more sensitive than more recent material. This
phenomenon is likewise in agreement with Lawrence (ibid.) in that the
finely divided PETN consisting of agglomerates was found to be more
sensitive than material of a coarser nature.

TABLE IV
SUMMARY OF 50% EXPLOSION HEIGHTS FOR RDX-PETN MIXTURES AS

TESTED BY BRUCETON DESIGN NO. 3
Ave. 303 Explosion Ht.

% PETN %RDX  '"Run"1  “Run" I Actzal Rounded®_

0 100 51.4 54.0 52.7 53
10 90 43.8 50.0 6.5 47
20 80 40.0 40.8 40.4 40
30 70 43.3 48.3 45.8 46
40 60 36.6 36.1 36.3 36
50 50 36.9 38.4 37.6 38
60 40 21.9 40.9 31.4 31
70 30 24.4 20.9 22.6 23
8e 20 21.8 21.5 21.6 22
90 10 219 25.6 23.7 24
100 0 17.9 16.5 17.2 17

sUsed in Flot
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The Bruceton No. 1 Delig_n_

Perhaps the most common method of testing the behaviur of
explosives to impact is this particular design. It consists essentially of
a 1/2" diameter etos steel striker of 3' length with the anvil being the
same as the No. 3. Plates II (5-1, A-1) and III (H-1) illustrate this deasign.
The charge of explosive is merely centered on the anvil and the striker
placed atop the charge tc be in position for receiving impact. The design
is fairly satisfactory for brisant expiosives, but is not suitable for
materials of soft, waxy consistency such as Tetryl, TNT, Composition B,
Fivonite, Emmet and TNT mixtures. The main difficulty is tae escape
of the material during the impact process.

Table V and Figure 12 prese.. data by conventional procedure for
the behavior of RDX, PETN and EDNA as teasted by Design No. 1. The
erratic behavior of even these fundameniai explosives is easily observed
here.

Recently the sensitivity of ritrocellulose samples of varied
nitrogen content was studied using design No. 1. These data are seen in
Table VI in which the prcbabilitiee of ex:plozion in 20 trials for different
drop-~heights are listed. From these data it is evident that sensitivity
is not a function of nitrogen content when studied by Design No. 1.
Several of these nitrocelluloses were bulky in.nature and these erratic
elastic properties undoubtedly contributed to results obtained.

TABLE V

SUMMARY OF DESIGN NO. | DATA BY CONVENTIONAIL PROCEDURE
AND LARGE IMPACT MACHINE

Drop-Height EDNA EDNA® PETN RDX
(Cm.) Trials P, Trials P Trials _P_'e Trials P
15 20 0 )
20 20 . 175 20 .65 20 .20
25 20 0
30
40 20 .55 20 .45
50 40 . 275

11-33
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TABLE V {cont'd)

DESIGN NO. 1 DATA BY CONVENTIONAL PROCEDURE
AND LARGE IMPACT MACHINE

Drop-Height EDNA EDNA®* PETN RDX
(Cm.) Trials P, Trials P, Trials P, Trials P,
60 20 .30 20 .65 20 . 65
70 40 .55
80 20 .90 20 .45
90 60 .43 °
100 20 .60 20 .45
120 20 .30 20 .35
150 20 .20 20 .35 20 -90 29 .85 .
180 20 .30 20 .40
200 20 1.00 20 1.00
210 20 .25 20 .35
240 20 . 50
270 20 . 40
oo 20 . 40
330 20 .45
sData with 2.5 Kg. Hammer
114634
CONr IDENTIAL
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Tae No. 5 Design

During 1941-42 and part of 1943 a method designated as No. 5
was used to study explosives which failed to show a 50% explosion drop-
height when tested by designe No. 1 and No. 3. The anvil (Plate II,
labeled A-5) consisted of a 1 1/4" diameter ketos steel cylinder of
21,2'" height witk a central cavity or depression of 3/8'" diameter and
1/16'" depth. The cavity served to contain a 30 mg. charge of explosive,
which was in turn covered with one ply tin foil of 0.0005" thickness. A
tapsred striker (Plate II, S-5) was then forced atop the explosive. The
result was a snug fit, as the foil acted as a seal and gave a higha
confinement. Because of the localized confinement, this design proved
capable of detonating most explosives whether in solid or liquid forms.
Piates IV and V illustrate the apparatus for testing explosives in molten
form. It was by this test that molten TNT showed appreciable
sensitiveness, O:kher solid explosives were likewise found to be more
sensitive as the melting point was approached and exceeded. These
interesting data are seen in Table VII. Figure 13 serves to show the
50% explosion drop-height of TNT as a function of temperature. From the
~raph it is seen that the 50% explosion height changes from 60 at room
!ymperature to 16-17 cm. at the melting point of TNT.

Compozgition B, Pentolite (50/50) and TNT were recently
tested at varied ternperatures with different sets of No. 5 strikers and
anvils. The striker-anvil depression clearances appeared identical,
but results of Table VIU indicate differences. Notice the deviation
between two runs of Pentolite on different anvils; and that TNT behaved
erratically at room temperature, as the usual 50% explosion drop-height
is 45-55 cm. Molten explosive values of Table VIII likewise are not
in agreement with those of Table VII.
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[

A CHARGE OF UNMELTED EXPLOSIVE IS READY TO BE COVERED WiTH ONE PLY
GF TiIN FOIL. ¢ INOICATES CHARGE CENTERED IN ANVIL LEPRESSION.

PLATE I
THE NO.5 DESIGN AS USED FOR EXPLOSIVES IN MOLTEN FORM
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pt ’ . r '/
| SR WIS

S = STRIKER

We 5.0 KILOGRAM DROP-HAMMER ATTACHED TO M OR ELECTROMAGNET

T+ THERMOMETER

SP:SMALL SPOON OR SCOOP USED TO MEASURE EACH CHARGE OF EXPLOSIVE

PLATE X
THE NO.5 DESIGN WITH STRIKER IN POSITION FOR IMPACT
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TABLE vII

FURTHER DATA AT ELEVATED TEMPERATURES WITH DESIGN NO. 5
(Values are 50% Explosion Heights in Cm)

Explosive - 20-25°C  95-100°C  108°C  121°C
Composition B 26.0 23. 4 25.8
Composition B 28. 6

50/50 Pentolits 31.7 52. 6

50/50 Pentolite 321 10.0

TNT | >90 20.8 17.0

Liquid TNT was studied more extensively by the conventional
procedure of numerous triale at each drop-height using design 5.
Comparative results with 80/20 nitroglycerin~-dimethyl phthalate are
shown in Table 1X and Figure i4. The nitroglycerin-phthalate mixture
produced complete detonations in most cases, while the TNT explosions
were of a partial nature.

Attempts to explode liqu.d TNT by design No. 3 indicated the
material was not sensitive, Ten trials at 10-90 cm. (10 cm. increments)
were for each height all failures. Much of the liquid was squeezed out
around the striker during the impact process, which was most likely
a factor in that no explcsions resuited.
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TABLE IX

COMPARATIVE DATA BY DESIGN NO. 5 FOR TNT AT 85-90°C
AND 80/20 NITROGLYCERIM-DIMETHYL PHTHALATE
AT ROOM TEMPERATURE

Drop-Height of Molten TNT 80/20 NG-Phthalate
5 Kg. Hammer Trials Ave. P, Trials Ave. P,
4 20 0
6 20 .025
8 40 .237 20 0
10 40 .325 40 . 187
15 40 .537 40 . 625
20 60 .40 4‘0 1.0
30 20 . 475
35 20 .30
40 20 .70
1-43
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A study of the behavior of Cordite and Ballistite to impact by
Designs No. | and No. 5 was carried out in September, 1942. It was
found that both propellants became sensitive when the particle size
approached thin shavings in form. When tested at elevated ternperatures
Ly the No. 5 design, Cordite was seen to explode furicusly at very low
drop-heights. The explosions were actually near-detonations in intensity.
Table ¥ shows 50% explosion neights by Design No. 1 as a functicn of
particl: size, while Table Xl indicates drop-heights for explosion
probability of 0.5 for Cordite as tesied by design No. 5 at elevated

The heated Cordite was in the form of single pieces

temnpecsatures,
A 5.0 kilogram drop-hammer was used

1/4x1/4 x 1/16" in dimensions.
throughout these studies.

et e 4 e e P et Y A e it

TABLE X

' THE EFFECT OF THE PARTICLE NATURE ON THE SENSITIVITY
! OF CORDITES AND BALLISTITE, AS STUDIED BY DESIGN NO. 1

Ix2x]1mm,

' Nature of British Type Britiesh Rocket U, §. Navy
. ' Matzrial Cordite Cordite Ballistite

_ Single piece,

} 1/4x1/4x1/16" 53.0 52.6 29.2
4

| ' 8-10 pieces,

‘ 40.0% 26.1 17. 4

Shavings (30-40)

‘: 1x1x1nm, 37.5%% 18.1
1] '
| ?.
; !
' | #60°C
| *+75°C
i
o !
N
; ) .
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TABLE X1
THE EFFECT OF ELEVATED TEMPERATURES ON THE BEHAVIOR OF
BRYTISH CORDITE TO IMPACT
Temp. Design Design D-sign Remarks
°c. No. 5 No. 5% No. 1
20 15. 8 20.7 53.0 #No tin foil
60 10.8 12.6 40.0 covering
75 10.0 13.6 32.5
140 10.0 10.8 s*Ballistite
175 3.3 3.5
178 2. 2%%

By experience, it was found that the cl=arance between the
striker and the anvil depress.on was most impartant for the No. 5 design.
Results were irreproducible unless 0.001" clearance could be maintained
during testing, Idaintenance of such clearances proved to be very difficut

and the design was practically discontinued in 1943.

During the course of two years, marny explosives were examined

as to impact behavior. Table XII lista in summary form the 50% explosion

drop-heights for common and newer substances as investigated by
designs No. 3 and Ne. 5. Unless indicated, tke values are the result of

one ''run’ by the Bruceton Method.

During the period October, 1942 until Mavy, 1943, time was
devoted in search of a method of impact testing whizh would be suitable
for the study of the TNT class of explosives. This period saw the
development and discontinuation of designa 7, 8, 9 and 10. These and
subsequent designs (11, 12, 13) involved the 12se of the large impact

machine at Bruceton,

11-46
55
CONFIDENTIAL

e - ————— - e

o - - ~—
e : DU noph b WO e
“ oo

— R DA T




C et Y e e emahe b m s mma b

CONFIDENTIAL
NAVORD Report 4236

v hekde o

.
ey
e

i
{
1) TABLE XII
?
i' COMPARATIVE SENSITIVITIES (50% EXPLOSION DROP-HEIGHTS) BY
i\' . DES!GNS NO. 3 and NO. §
i
V 1 , Chemical Nan.e Common
v H of Explosive Desigration No. 3 No. 5
M [}
% Lactitol Decanitrate 1.5 .-
Mannito! Hexanitrate Nitromannite 8 8
H Dulcitol Hexanitrate Nitrodulcite it --
4 Lead Trinitroresorcinate Lead Styphnate 11 -
f| Starct ‘litrate Nitrostarch 12 .-
' 1-Guanyl-4-nitrosamino-
| guanyltetrazene Tetracene 12 -
‘ ' Blasting Gelatin 16 -~
' f Lead Azide Lead Azide 19 -
i Pantaerythritol Tetra-
! nitrate¢® PETN 22 8
! 2, 5-Dinitro-2, 5-bishydroxy-

. ‘ methyl-1, 6 hexanediol
g ‘ i _Tetranitrate 22 ..
P ', IB(N-nitr_(_)guanyl)ethyl

b i ~ Nitrate / 24 27
& | N Diethanolnitramine DINA 27 --
; ; Pentaerythritol Tetra-

: i nitrate PETN 29 --
g i 3 Tetramethylolcyclohexanol
E‘ I Pentanitrate Fivolite 29 --

2 ; j Ethylenedinitramine EDNA 30-40 35
E ; Cyclotrimethylene Tri-

; i nitramine Cyclonite, Canadian
£ : ‘ Erithritol Tetranitrate ETN 38 .-
; ! ’s H p(2, 4, 6-trinitrophenylo-

: : r nitramine)Ethyl *

. i Nitrate Pentryl 42 -
E i : Dinitroxyethylnitroxamide = NENO 42 --
é Cyclotrimethylene Tri-

- ! ¥ nitramine Cyclonite, U.S. - 48 23

o : British
o 1 F I-47
v L4 56
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TABLE XII (cont'd)

vt ot

COMPARATIVE SENSITIVITIES {50% EXPLOSION DROP-HEIGHTS) BY
DESIGNS NO. 3 and NO. §

Chemical Name Cormumon
of Explosive Designation No. 3 No. 5
{
) : Anunonium Ferchlorate Ammonium Perchlorate 55 46
: 3 2, 4, 6-Trinitrophenyl-
. methylnitramine Tetryl 56 20
} 2, 6-Dinitro-2, 6 bishydroxy-
! methyl- i, 7 heptanediol
tetranitrate 82 -~
: ' Baranal 84 --
Torpex-1I 86 .-
i 1 Torpex-l 88 --
. Ammonium Picrate Explosive D 80 19
' 2,4, 6- Trinitrophenol Picric Acid >90 22
: N-nitro-n-Methylhydroxy-
‘ ! acetamide Nitrate Hyman >0 24
) : . 2-Methyl 3, 3, 3 Trinitro-
' butane » -- >90 24
- Tetramethylolcyclo-
J‘ § hexanone Tetranitrate Sixonite >490 29
} 2,4, 6 Trinitrobenzene TNB >90 29
} 2-Methyl-2-"itro-1, 3«
| ! Propanediol Dinitrate Nitroisaobutylglycol >50 37
X Dinitrate
Ji Tetramethyloleyclo-
} pentauone Tetranitrate Fivonite >90 38
i N, N' -dimethyl-N, N'dinitro-
! oxyamide MNO >90 39
' 3-Methyl 2, 2, 3 Trinitro-
pentane .- >0 46
} 2z, 4, 6 Trinitroto'.:. » TNT >30 43
i " Sublimed TNT >90 50
: Ethylenediaminie Yinitrate -- >90 52
v 2,4, ¢ Trinitrva: sole TNA >90 55
_‘ ! . 2. 4 Dinitrobe; .’ '‘ne ONB >90 58
,' 1 f 2, 4 Dinitrotol. vne DNT >90 58
. | 3 :
. f ) 11-48
’ 4 ! 57
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TAB Lg__)i!_[ {cont'd)

COMPARATIVE SENSITIVITIES !50% EXP!OSION DROP-HEIGHTS) BY
DESIGNS NO. 3 and NO. 5

Chemical Name Common
of Explosive — __Designation No. 3 No. §
Ethyitrimethylolmethane
Trinitrate ~ Emmet >90 58
2,3,3 Trinitro-2, 2 Methyl-
butane .- >90 70
2, 4 Dinitroaniline DNA >90 85
Urea Nitrate Urea Nitrate >90 as
2, 4 Dinitrophenol DNP >90 91
Nitrourea Nitrourea >80 >100
Hexamethylene tetramine
Dinitrate Hexamine Dinitrate >90 >100
3-Zthyl-2, 2, 3 Trinitro-
sntane -- >90 .-
Nitromethane Nitromethane .- 80
Tetranitromethane Tetranitromethane -- 83
Diethyleneglycol Dinitrate®* DEGN - 2-3
Glyceryl Trinitrate® Nitroglycerin -~ 3.0
Blasting Gelatin - 3.2
Sarbitol Hexanitrate® Nitrosorbitan - 7
Mannitol Hexanitrate# Nitromannite -- 9
Glyceryl Lactate Tri-
nitrate CLTN -- 9
Butine-2 diol-1, 4 Di-
nitrate .- - 9
Methyltrimethylolmethane
Trinitrate Memmet -- 17
Dinitrophenol Sulfone - >80 >100
- >90 >100

N, N'-Dinitropiperazine

* 2 Kilogram Hammer
#% Agplomerated PETN

11-49
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The No. 7 Design

In principle, this design was a modification of the No. 3. Since
strikers with the No. 3 showed a tendency to bulge and de~elop cracked
edges from drop-heights exceeding 90 cm. with a 5.0 kilogram drop- ,
hammer, it was reasoned that a larger striker with larger cups would
elim:..ate this difficulty, A 1/2% diameter ketos drill rod tapered to |
0.445 + 0.001" to fit a copper cup was the result. Plate II illustrates the
striker (S-7), copper cups (C-7) and anvil {A-7) used in this design.
Expericnce proved that copper was the improper material for the cups,
as it tended to flow from the impact shock, Explosives possessing soft
crystals were able to escape most of the impact energy by creeping into
the space between the cup wall and striker. Results in general proved to
be erratic and were definitely a function of the amount of explosive tested
iz 2ddition to the diameter of the striker. Tha design was discontinued
for these reasons in Feburary, 1943, Tatle XIII shows a sumnmary of
50% explcsion drup-heights of several Bruceton runs on common explosives,
A few runs were made with one ply tin foil covering the sample, and these
are lixewise shown in Table XILI,

\

e cw e am

It is possible that a heavy walled steel cup fitting a 1,/2" diameter
striker may eliminate the main disadvantage of the No. 7 design. Another
possibility is a small metal disc covering the explosive which iz turn
rests atop a similar disc of abrasive paper. Investigations along this
lire have not as yet been pursued.

L .

The XNo, 8 Design

o —— i

Design 8 was a combinaticn of designs No. |1 and No. 3. An
explosive-containing brass cup was centered under a 1/2" diameter
striker and the drop-hammer released to smash the cup. This procedure
was secn to detonate, with a loud ' port, cven the TNT class of explosives.
Resulis appeared reproducible car! n the study, but deviations did occur
as more data were obtained. Vari. ne in the hardness of the brass cups
f and in the technique of centering a lcaded cup under the striker werse
factors causing deviations. Tables XIV and XV summarize the 50% explosion
drop-heights of common explosives examined. Note that the order of
sensitiveness is altered when a 2.5 kilogram drop-hammer is used. The
design saw usage during October - December, 1942, and was then

discantinued,

a— s
—— b
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The No. 9 Design

This method was studied during February-May, 1942,

Conditions were essentially those of 2 modified No, 8 design. The

! difference was that a steel cup, similar in shape and dimensions to the
brass cups, was flattened into the form of a disc prior to using. The
disc was prepared by resting a 1/2" striker atop the steel cup, and
smashing the cup by 3 105 cm, drop of the 5.0 kilogram hammer. The
resulting disc poseessed a crater into which a small charge of explosive
could be placed. It was thought that if explosive could be entrapped
{during impact) under the overlapping edge of the disc, a good detonation
should result from exceptional confinement, It was also reasoned that
the dissipation of energy, as in design 8, should be reduced materially
as most of the smashing was compileted in preparation of the discs.

Unfortunately, observations indicated that the prepared discs
¢ were not uniform in thickness or depression depth, Twenty discs were
measured with a micrometer for thickness and crater depth both before
and after a run with TNT as the explosive. These mezasurements are listed
in summary form in Table XVI, where deviations are easily seen,
particularly in column 4. Table XVII summarizes 50% explosion drop-
heights on explosives studied.

liead azide and lead styphnate displayed very peculiar behavior
when tested by the No. 9 design. Both substances are normally quite
sensitive, but appeared decidedly insenaitive by method 9. These
materials tended to be compressed into a disc of the exact shape as the
crater within the steel disc, and were able to escape most of the impact
energy. Mobility of the explosive to the confining space under the edges
of the disc did not occur with these salts on trials registering failure to
explode. The likely reason for this behavior is strange elastic properties
of these particular substances. The design was discontinued in May, 1942
because of uncontrollable deviations of the steel discs.
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TABLE XV1

DESIGN 9

SUMMARY OF STEEL DISC MEASUREMENTS IN CONNECTION WITH
(Dimension values are X10=3 in.)
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The No. 10 Design

This method was uscd briefly during May, 1942. Conditions were
a modification of Method No. 1. Instead of a 1/2' diameter striker, the
2.5 xilogram hammer jtsclf became the striker. As seen in Plate VI,
the striking area of the hammer was in reality a press fitted ketos steel
anvil of I 1/4" diameter surface. The I I/4'" diameter gave the needed
suriace to prevent the escape of the explosive, as was the disadvantage
with design No. 1. Another reason for the use of the hammer as striker
was that the velocity of the hammer at impact is greater. than that of an
inserted striker, unless the weight of the striker is negligible in
compzrison with the drop~-hammer. Witha 1/2'" striker of weight of
65 crams, the velocity differencs is negligidble, altnough present; however,
witk larger strikers weighing 500 grams such aa the type for design 12b,
this efiect becomes more prominent. To insure the absence of the velocity
difierence was the other reason in mind while using the hammer as the

striker,

Plate VI shows a general view of design 10. The charge of
explosive was merely centered atop the elongated anvil and the hammer
released from desired drop-~-heights. In some instances, liquid explosives
in pacticular, the charge was covered with a single ply of 0.0005"
(thickness) tin foil to prevent to a considerable degree the escape of the
iicuid during impact. A esingle drop from a common medicine dropper
beczne the sample for liquid explosives. This amounted to 40-50 mg. of
material, in the case of nitroglycerin., Explosions produced with liquids
were most violent in nature, and the operator was compelled to use cotton
ear plug? to endure the sound intensity.

Solid explosives were observed to behave erratically in the No. 10
test. The flushness of the impacting surfaces was the most important
variable. A carbon paper imprint of the impact served to check the
condition of the striking surfaces. Unsatisfactory surfaces were corrected
by refacing in a lathe with grinding wheel attachment; however, this
proved to be awkward and time consuming and it was decided to discontinue

using the hammer as a striker,

Several solids were tested in the presence of sand blasted surfaces,
but resulling explosions soon removed the grit effect and smooth, slippery
surfaces again were the conditions. Table XVIII presents data from

method 10.
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ANVIL DURING IMPACT

PLATE XI

GENERAL VIEW OF DESIGN NOC. 9
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The No. 11 Design

The period May - August, 1943 resulted in the development of the
elev=nth in a series of Bruceton impact methods. The procedure
presented a new approach fo the sensitivity problem in that the explosive
was rested upon a 1/2" square of abrasive surface before being subjected
to impact. The abrasive surface was in the form of a square of
00 specification Armour flint paper, which has the following screen
analyses as supplied by the Armour Sandpaper Company, Chicago,

Ilinois:

Size of Openings Size of Openings
Mesh >f Screen _'/_o__ X 10°%* in, {w)
on 125 mesh 6 42 107
on 157 mesh 76 33 64
Through 157 mesh 18 33 84
Through 180 mesh 5 25 63

The idea of the No. 11 design was suggested by
Dr. D. P. MacDougall in hopes of obtaining reliable data for comparing
a series of EDNA samples. EDNA was erratic in behavior with
designs No. ! and No. 3, and such a test as No. 1! was definitely needed.
Design 11 was the same a8 iNo. 1 except that the sample was placed on a
1/2" square of abrasive paper before the striker was placed atop the
charge. The hammer for most No. 11 data had a mass of 2.5 kilograms.
The design proved to be satisfactory for its original purpose of
comparing EDNA samples. Results were reproducible in general, as a
new square of fliat paper was used in each trial to present a nearly constant
surface, Strikers and anvils deteriorated in time and needed occasional
resurfacing or refacing. The anvils showed more deterioration as a
1/2" diameter circular area posasessing scratches and pits became
a2pparent After 500 trials, Strikers with scratched surfzces did not

affect results, however,

Physical difficulties were encountered with the No. {1 technique
in the case of drop-heights >100 cm. for explosives of soft, waxy
o-59
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consistencv. Such materials as TNT, Composition A, Composition B, and
50/50 Edaatol Behave normally until the drop-height becomes >100 cm. At
these heights, explosions are difficult to identify and 1300% explesion points
are not abtained during the conventional method of testing,

There are several possible reasons for this behavior., It was
thought, at first, that the heat produced from the impact of stcel on flint
crystals was melticg TNT (the explosive which first displayred the above
effect); which in rurn was forced to flow past the flint crystals and become
absorbed in tic papar base and form an insensitive TNT-paper mixture,
This hypothesis was supported by the following: for all trials observed as
failure to explode, the middle porticn (under the explosive) of the flint
paper was driven firmiy against the anvil and had to ke scraped off before
proceedinyg to the next trial. The appearance was as if tae charge had
melted and refroze in a short time interval. To reprcduce the appearance
oi these trials, the usual square of flint paper was made wet with water
and then subjected to impact. This indicated ti:at a liquid had formed in the

case of TNT.

While investigating British Composition A, the escaring tendency
was again observed. The heat of impact was no doubt great enough to inelt
the wax present, bat likely not >200°C to melt the RDX. HaA the melted
wax penetrated the gaper base, purs RDX would have remained and
violent detonaticns should have occurtzd., The heat effect (s real, as
during an examination of ammonium picrate, a failure to explcde at
150 cm. was observad ana the unmelted, comipressed charge was hot to
touch upon rapid removal of the flint paper square from the firing chamber.

Arother poscible axplanation in the case of both TNT and
Composition A is that the .mpact pressure of >100 cm,. drops pulverizes
the flint crystals to such a fine stat~ of subdivision that mixed with initially
insensitive explosives, this mixture is more inert. The pulverized silica
inay {orm gaps between explosive particles and in tura inhibit the chaia

reaction.

Particie size affects results in certain cases with design 11, The
effcct was first noticed while investigating PETN. Three portions of a
sample were cxar.ined, namely, .the "as received’” material, the screened
fractions on 100 mesh and through 100 inesh: on 200 mesh. It was observed
that the '"thru 140 on 200" fraction was about 1.7 times (50% explosion
puint) as inscnsitive as the other two portions. This effect was real, as
100 trials per rirop-height were carried out, These data are shown in
Table XI¥ and Figure 15, The graphs show nicely the practical shape

of sensitivily curves, - 60
69
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, It was thought that crystala of the less sensitive fraction were

’ forced or packed around the flint crystals to escape much of the impact
energy, Impact pressures from 8-16 cm. drops were not great enough
to pulverize, to much degree, the flint crystals and friction effects are
much less than with drops of 25-30 cm., Particles screened through 100
mesh are of the order 75-145u (110p average) in diameters, while the
flint particles themaelves average 754, A compariaon of particle size
here would indicate that the explosive was encountering friction and that
our hypothesis concerning crystal packing is incorrect; however, since
PETN must be screened while water wet and be brushed or washed
through the screen meshes, there is a strong tendercy for sharp,
irregular edges to be removed and decrease the sensitivity to frictional
effec.s; whereas crystals of the more sensitive portions are apt to be
irregular in shape and surface and in turn be more sensitive to these
friction effects. Too, the 110u diameter particles ar= able to be packed
into the spaces between the flint crystals, as these spaces are of the
order .08 - .20 mm, (80-200p) in width, The packed crystals act as a
cushion for crystals above and thus minimize friction effects. Crystals 3
from the other portions are unable to pack into apaces as their diameters | 3
are >150u and consequently receive more {rictional effects and explode ;

with greater ease,

|
At a later date the less sensitive fracuun was retested using
flint papers of 2/0, 3/0 and 5/0 specifications. Flint particles of
3/0 specifications are of the order 58-82u diameters while 5/0 are from
30-60p in diameter. The intercrystal spaces approximate 40-80u for
5/0 paper. The choice of a finer grained flint paper was an attempt to
eliminate the packing effect. The effect of the finer papers was compared
with 20 trials at 12 cm, for each type and using the “on 200 mesh"
portion of the PETN, The probability to explode was for 2/0, 3/0 and
5/0 respectively .55, .55 and .90. This was concerning as there were
no explosions in 100 trials at 12 em. in the case of the previous work with
2/0 paper. The different behavior was attributed to larger crystals being
tested. The sample which exploded with a probability of .55 was the
remainder of that used for the 10C trial/height study, and it was reasoned
that larger crystals, i.e., the upper limit of the 75-145u particles, were
present in the sample bottle. Since only 1-2 grams of the original
10-15 grams was remaining, it see'ns logical that larger, heavier
crystals of 1454 diameters would settie to the bottom of the sample
bottle. The use of a finer paper eliminated to a greater degree the
particle size effect, as seen in Table XX. More extensive comparison
of 2/0 and 5/0 paper with PETN, as received, is shown in Table XXI and

LT o-63
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Figure 16, These latter data were obtained on the small impact
machine. It is of interest to note that 50% explosion heights are simiiar

in magnitude for 2/0 and 5/0 flint papers.

Recent data with colloid milled and screened PETN indicate these
to be more sensitive than as received material, Figures 17-19 show the

probabdility graph paper plots of these data from Table XXI. This most
recent work tends to reverse the earlier findings and the screened PETN

was seen to be the taost sensitive. This leaves doubt 23 to the explanation
of earlier phencmena., There is one other explanation whick has not been
mentiozad. [: is possible that the 1/2" striker was pitted and that the
screened PETN was not receiving the same impact as the as-received
This iz only a hypothesis, as the striker for that original work

sample,
has since been refaced; however, RDX and TNT data agree with recent
findings with PETN.

It is of intereat to note (recent data) that as the PETN crystals
become finer, the material becomes independent of the size of flint paper
used; and practically identical 50% explosion heights result, The greatest
differences between 2/0 and 5/0 papers are seen to occur at 10 and <10 cm.

drop-heights (see Table XXI).

Plate VII shows a photomicrograph of 2/0 flint paper under a
magnification of 12,5, The circular area represents about 4 mm, of
surface. Notice the inter-crystal spaces into which small crystals could
pack. The spaces appear as black areas at the base of the particles and
vary in diameter from 1-3 mm. which correcting for magnification gives

.08 - .20 mm, diameters.

Plate VIII shows a similar photomicrograph of the 5/0 flint paper.
Notice that inter-crystal spaces are much reduced in magnitude.

Plate IX shows the surface of 2/0 flint paper following the impact
of a 2.5 kilogram hammer falling from 12 ¢cm, Plate X shows another
2/0 surface following an impact from a 150 cm. drop. The pulverizing
of the flint is regligible in Plate IX, while in Plate X the pulverized
silica could well mix with insensitive explosive during impact tg in

turn, form a still less sensitive mixture,

u-64
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Screener portions of RDX were investigated by the No. 11 design
as to the possioility of a packing effect similar to the earlier PETN
data; however, the reverse was found to be true, as the finer paiticies
appeared mc-e scusitive on 2/0 paper than the as received portion,
Table Y. XU snove these data for 50 trials pe: drop-height. Further
comparative data with a 2.5 kilogram hammer are shown in Table XXIIIL.

The cffect of particle size was further seen with two TNT
samples. Again, the effect was scen with 2/0 flint paper. A TNT,
coded R-1321, appeared more sensitive than another, czded R-1628.
Mierosco.ic examination showed a difference in particle sizes.
Particles of R-1321 were in the orier of 10Cu in Jdiameter, while those
of R~1623 appeared > 200p. The behavior seems in agrrement with RDX

and recent data with PETN.

Direct comparison of R-1321 and R-1628 on the same day showed
the following average probability Lo explosion for 20 trials.

Drop Height _7_5. _l_q_g 125
R-1321 P‘=.60 P, =.95 Pes,‘IZS
R-1628 Pe = . 425 P, = .60 P, =, 60

Overall comparison of the eame gave the following data,
indicating again a difference.

Drop-Height (cmn.) R-1321 R-1628 .

of 2.5 Kg. Hammer Trials Ave, P_ Trials Ave. P,
50 60 .133 . 100 .18
55 40 .175
60 40 . 555 100 .255
65 40 .65
70 40 .75 100 .37
75 80 . 188 20 . 425
80 40 .90 100 . 46
90 100 .52
100 ’ 80 .975 120 . 683
125 20 . 725 120 . 578
150 100 . 598
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in the case of TNT, the sensitivity to frictional c{fects is less
as the crystals are easily compressed and have woft, easily fractured
edges, It seems possible that this material may be compressed past
flint crystals and escape friction. A confinement effect may also be
present. Smaller crystals ¢f R-132] are able to a greater degree to fit
into d<saressio:s or spaces between the flint crystals and are confined
to a greater degree than larger particles (>200u) of R-1628. These
entrapped crystals represent more confinement during impact, and in
turn give more explosions and of more violent intensity than larger
crystals which lack the initial ccnfinement from entrapment. In the
case of PETN, the material is {riction sensitive and less dependent
upon confinement., Too, the drop-heights are much different for PETN
and TNT to cause a tremendous difference in confinement during impact.

ol

Surface of flint paper (cross section)

(arrows indicate spaces for
entrapment of crystals)

Plunger

S3ERETERED

Anvil

X = entrapped crystal
Confinement During Impact

These are under more coulisiemnent than an explosive crystal resting
atop the flint crysial, especially if drop-height ia >20 cm. With PETN,
very little, if any, crushing of the flint crystals occurs and the
phenomena become tribochemical in nature at drop-heights of 8-16 em.

for larger crystals.

Several explosives were tested in ti e conventional procedure by
design 11, and these resuits are shown in Table XXIV aud Figure 20-25,

with significant data likewise present,
11-73
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Drop-Height Nitromannite PETN RDX

(em) of 2.5 Ave, Ave. Ave,

kg _Hammer E D N ZE E D N % E D N ZE
2 0 0 20 0
4 2 0 38 5 - - - -
6 1§ 0 22 45 O 0 100 o} -
8 2% 0 35 W7} 1 0 99 1 - - = - o
10 32 0 8 8o 7 O 93 7 7 1 32 18.8 2§
12 38 0 2 9 |35 0 65 35 - - - - -
14 19 0 1 95 84 o0 16 84 - - - - -
15 - - - - - - - - 20 0 100 16.7 | 6
16 20 O O 100 <6 0 4 96 - - - - -
18 - - - - - - - - 25 0 35 41,7} -
20 g8 0 2 98 |iss 1 185 45,4 |143
25 - - - - |8 o0 57T 59.2|1T
30 115 0 25 82.2]19
35 78 0 2 97.5 |19
1o Il‘\ 4o o0 0 100 -
45 B oA _/Z 20 0 0 100
50 ' j - - - -
60
70
7<
8o

=74
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NENO Tetryl Pentolite EDNA
Ave, Ave. Ave, Ave, ~ A E'
#2° | E b N % | E p 8 # | E p N # |E b § "4
r
- 0O 0 20 0 - - - -
18,81 2 4 13 20 o 1 19 2.5
16,71 6 5 9 U2,5] o o0 20 0 0O 4 16 10 1 0 39 2.5
nar| - - - - - - - - - - - - - - - -
4s.4 |14 2 4 75 - - - - 5 15 12,51 7 1 32 18.8
59.2 {17 1 2 87.5} - - - - 7 9 37.5]15 4 41 28,3
82,2119 0 1 95 55 9 76 42,9 |11 4 5 65 68 2 90 43,1
97.5 |19 O 1 95 38 0 22 63.3 |14 5 1 82,5169 3 48 s8.7
100 - - - - 52 0 8 86.7 |19 1 0 97.5]63 2 35 64
100 bo o o100 - = - - 40 0 20 66.7
- 20 0 0100 20 O O 1lco {84 o 16 84 ]
. - . - |s&4 o 6 90 ]
37 0 92.5 | }
TABLE XXIV
SUMMARY OF DESIGN NO, 11 SENSITIVITY DATA
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SUMMARY OF DESIGN NO, 11 SENSITIVITY DATA

T T A sy Wiy W 0 0 vy - v

]
i
H
!
1 3
i
N RDX NEXO Tetryl Pentolite
. Ave, Ave, ave, Ave, Ave,
N %E E D ¥ gE E D X E E D ¥ ZE E D N £E
!
i - -
I.
20 o} - - - -
;;9 1 - - - - 0o 0 20 0 - - - -
‘93 7T 7 1 32 18,861 2 4 13 20 0O 1 19 2.5
5 03 - - - - |- - - .- - -
;16 84 c - - - - - = - - - - -
i- - 20 0100 16,716 5 9 s25] 0 0 20 o 0O 4 16 10
4 96 - - = - - - - - - - - - - - -
i- - 2% 0 3% &MH.71 - - - - - - = - - - - -
)
ia o8 |is4 1 185 45,4114 2 & 75 - - - - 5 15 12,99
‘i - - 8..') ) 57 59-2 17 1 2 87-5 - - - - 7 9 37.
i 115 0 25 82.2f19 0 1 95 |55 9 76 42.9 |11 & 5 65
78 0 2 97.5119 O 1 95 3 0 22 63.3 J14 s 1 82,6
J 40 o0 0 100 - - = - 52 0 8 8.7 119 1 o 7.4
20 0 O 100 % o0 0100 - - - -
i c = = - 20 0 0100 20 0 0 100§
b
i» TABLE XXIV




Ammonium
Pent:oli.t:eA EDNA Perchlorate Fivonite
E o n % |g o v "8 | e p x "] e p x M
0O 1 19 2.5
O 4 16 10 1 0 39 2.5
5 15 125§ 7 1 32 18.8] 0 1 1y 251 7 2 1
7 9 37.5j15 4 41 28,3 - - - - 11 2 7
11 4 5 65 {68 2 90 43,1 7 3 10 42,5117 3 o
14 5 1 82,569 3 48 8.7 - - = - - - -
19 1 0 97.5j63 2 35 64 11 2 7 60 18 2 o
- - - - {80 0 20 66.7) - - - - - - =
20 0 O 100 ({84 o0 16 84 12 2 6 65 19 1 o
- - - - |58 o 90 14 5 725} - - -
3 O 92,5 = - - -
- - - - 17 o 3 85
\TA
[ _'/ -— oo L d - . e ammme o 8 bad
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x(::: -g.;-tg;; Ecrrer e Slxo::tte“.. Pieric Adgve. c:-:;cs:txonmllie‘ CcmpouclonAc?..
kg Harzes E D N ZE E_ D N 3= E_D N 3= E D ¥ $ ] g D N 2t
2
1 3
6
8 - - - - e - - -
10 o 19 2.5 o O 2 o
12 - - - - - . - -
18 - - - - - - . -
15 o 2 18 5 - - - -
16 - - - - - . - -
i8 - - - . - - - - - - .
20 2 3 15 17.5 1 0 19 b ] 1 19 2.9
25 1 1 9 52.% - - - - - - - -
30 8 0 2 9 - - - - 2 3 15 n.5) 0 5 15 12.5
35 18 3 1 925) ¢ 1 1y 25 - - - - - - - -
7] 19 1 o6 97,5} o 8 12 20 6 1 i3 32.5] 2 s w0 >3
A5 - - - - 5 5 10 37.%}) - - - - - - - -
50 19 1 0 97.51232 7T 2 725} 5 1 % 2151 2 3 15 171.5
60 - - - - 1T 5> o0 32515 o0 15 2 2 1A 14 M7.5
70 - - - - 3 o0 17 1% 9 € 2 325 - - - -
75 20 0 o0 100 - e = - - - - - 26 1 >3 4.2
8o - - - - 8 o0 12 A 12 3 & 70 - - - -
Eod 12 0 8 o0 [i2 3 & 70 . e e -
100 18 o w0 ¥ 3 2 b1.5)| 6 6 8 45
) 110 20 o w0 i3 & 1 60 - - . -
F3 120 - e . - IS 8 1 & - - - -
125 - - - - 3 8 13 25
130 6 > 87.) - - - -
180 1Y S | 92.5 - - - -
1%0 I8 2 & 7% 6 & 10 &0
175 - - - - -
200 1 6 13 29
22% e e . -
20
s
0
Y
; TABLK XXIV, Coms‘'d,
B 3-75
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! Asmoni ua Potassiue
i <argasttion 8 Composition A ™T Bigrate Percnlorate Dmg-l’-atsh:
. e, Ave, Ave., Ave, Ave, (em) of 2.5
E 2 % # E o N s& E_O 4 f£ ! E 2 s 2= E D N ZE xg Haomer
)
5 3 1 9 2.8 © o 20 Q
1I7.9) 0 5 15 2.8 - - - -
32.5] 2 5 10 - e -
- - - - - - - - . 2 038 s
2r.5) 2 5 15 11.% 6 4 710 18 - - - .
25 T T R T ) 19 21 68 25,5 - - - - - -
1% 9 ¢ 2y 28| - -« - .+« |l 26 50 37 1i o8 29 22r.5)0 o
- = - - - J® 1 3 aa2ls 7 8 azs - - e . - -
% {12 a & 70 =« - - 13 20 s a6 - e - - -
0 \2 Y 8 70 - . . - A2 20 38 s2 29 5 17 8816 o
w0 > 3 2 o156 6 8 w5 |73 22 26 69.1 - - e . - -
oo {i3 & 1 6o - e e . .- e e . - . - - -
- 5 A 1 0B - - - - - - - - 3@ o 9 7175148 ¢
- - < - 13 sy s |56 22 v2a % - - - -] -
Y &7 - - - - - - - . - - - - 1. -
17 > o0 92s8)- - - - |- - - -} 2 3 % |6 0
2 & 75 |6 & 10 s |s2 15 33 598} O 2 I
- - . e e . - e e - 19 1 o0 91.% (]
A 6 1y 20 - s i
- . . - 8 o
33 o
13 o
TABLE XXIV, Cont'd,
SPAIY OF DELIGE N0, 11 SUMSITIVITY DATA
. 7, ¢ , . M '.
e R e
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In conclusion it may te said that, for explosives in the higher
and intermediate range of sensitivity, design 11 is satisfactory. The
cushioning effect of ihe paper itself enters the picture with such
substances as mercury fuir=izate, lead styphnate and lead azide. One
may expect explosions in tte region of 1-8 cm.; but until the cushioning
factor is reduced (>10 cm. drops) explosions will be few. Unfortunately
this design is not satisfactory for certain explosives of low sensitivity
as at dzops >100 cm. the idexntification of explosion becomes difficult
and the 100% explosion marx is not reached. For materials of soft,
waxy consgistency, not muck better than 50-75% explosions are obtained
as the drop-height is increzsed. To overcome this difficulty, a striker
of 1 1/4" diameter was substituted for the }/2'" striker of design No. 11
and the development of design 12 was undertaken.

The No. 12 Design

As mentioned above, this method was a revised No. 1l1. The
large striker was found to &= satisfactory and 100% explosion
drop-heights were oblained. This pointed in general direction that
once again, the escape of tie sample was occuring in the No. 11 case.
The No. 12 derign also invoived the use of 5/0 flint paper in hopes of
elmiinating any particle size effect, as was the case with a fiint paper
of 00 specification.

A previous report (March, 1944) summarized moast of the
important comparative data for Design 12; however, some additional
data are presented here. ®

Table XXV shows =2t the particle size difficulty has been
minimized for PETN, when tested by Desiga 12.

- ™ W w W w e e . ee® e o> -

sThe report referred to is not available although it is believed that
the material is included in report 3 which is the next section.

1I-27%
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TABLE XXV

COMPARATIVE DATA FOR PETN BY DESIGN 12

Screened Material Through
100 mesh on 200 mesh

Drop-Height As Received Mat'l

2.5 Kg. Hammer Trials Pe Trials _Pq
10 20 .35 40 . 875
12 20 . 60 40 . 60
14 20 .70 40 .95

In Septembur, 1943, several polymorphic forms of TNT from
Cornell University were investigated by Design 12. Several of these
samples appeared more sensitive than regular TNT at intermediate
(40-7% cm.) drop-heights. The more sensitive material was very light
auad fluffy in texture and the amount used per trial amounted to aboat
1/3 that of regular TNT. It was learned that the same lower order
of sensitivity could be obtained with regular TNT if a 5-8 mg. charge
be used instead of the usual 20-25 mg. charge. Also, if low demsity
{0.25) TNT were tested, the same lowerorder of sensitivity was present.
It waa interesting to note that the difference in sensitivity disappears

at drop-heights >75 cm. and also if the same weight of sample be

used for comparative testing. Table XXVI presents in summary {crm the

data discussed above.

Designs 11 and 12 involved the use of a new idea in qualitative
interpretation. To approach quantitatively the fact that TNT may char
or {cebly "explode’ at a drop-height at which PETN detonates furiously,
it was decided to evaluate such weak decompositions as a D or doubtful
explosion. In conventional procedure, it amounted to 1/2 explosion.
For example, in a series o 20 trials if 10 showed E or explosion,

7 N or failures and 3 D nr doubtful explosicns, the HE + D with D = E
would be 65 while %E with D s N would be 50. The average % E would be
65 + 50 divided by 2 = 57, 5. The above procedure gives a quantitative
approach to the question of degree or intensity of explosion, which is
most important in sensitivity studies. Explosions are qualitatively
separated into various types according to the degree of explosion with

11-83
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sound as the main criterion., With certain aluminized explosives,
doubtful explosions are also clasgsified as to those accompanied with or
without visible sparks or flame. Such factors as visible flame (f),
loudness (1), completeness of detunation (¢}, nearly complete (2), and
partial or low order explosibility (p) are kept in mind in symbolizing
E, Ep Eys Ef Eppy Eipy Ecv Egv Ecfy E?f D, Ds, and Dy,

While the qualitative classification does not affect the value
of %E or synonymous F,, it does give information that should be
considered. For instance, during a rather extensive investigation of
various Torpex samgles following an explosion at Yorktown, Va., it
was found that a certain RDX-aluminum mixture exploded with the
same intensity of explcsion at the same drop-heights as mercury
fulminate. Although the frequency of explosion was less than the
fulminate, it was impcrtant to know that once an explosion did occur,

it was most violent.

One of the disadvantages of the No. [2 design was found
to be the tendency of certain oxidizing agents to react with the paper
base of the flint paper. This was first noticed while investigating
ammonium nitrate. A further study with this particular substance
showed that appreciable reaction is experienced with certain types of
non-abrasive paper, Table XXVIII. The procedure of loading the
explosive was iderntical with Design 12, except that these various types
of paper wzare substituted for the 5/0 flint paper.

Designs 12a, 1¢b and 13

Following the extensive program of sensitivity study from
August through October, 1943, attention was directed to the development
of a design suitable for testing liquid explosives, Development in late
1943 and early 1944 saw tne use of designs 12a, 12b and 13,

Method i2b was simply No. 12 without the 5/0 flint paper. !

A drop of liquid from a coinmon medicine dropper was placed in the
center of the usual ketos anvil, the 1 1/4" diameter striker placed atop ]
the charge and the weight dropped from desired neights, Method 12a .
employed a 1/2" square of No. 615filter paper to absort the liquid :
before impact. The striker and anvil for 12a were identical to those !
!

of 12 and 12b,

11-85
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Design 13 was developed with the idea of hitting the liquid
explosive semi-directly and eliminating to a greater degree the
squeezing of the material from between the striker and anvil surfaces.
A small wcoden applicator (. 075" diameter and 3 1/4" long) or
"toothpick' was inserted through a 1/4" diameter hole at the top of the
striker and placed across the outer guide ring to elevate the striker
about 7 mm. above the charge of explosive. Plate XI illustrates
design 13, while Plate VI shows 12, 12a or 12b in position to receive

impact.

The wooden toothpick was elastic and naturally required some
energy to be stretched so that the striker made contact with the
With sensitive solid explosives the drop-heights are greater
for design 13 than for 12b. Liquids, on the other hand, show greater
probability to explode at lower drop-heights with design 13. The
squeezing tendency present in 12a or 12b is avoided with No. 13 and
liquids are able to receive more direct impact at a localized or

concentrated point of application. Thin layers of poor propagating
material are present in the procedure of 12b which undoubtedly require

greater impact energies. Table XXIX shows comparative data for
designs 12b and 13 for a sensitive liquid and solid explosive.

explosive.

TABLE XXIX
COMPARATIVE DATA WITH SENSITIVE SUBSTANCES FOR DESIGNS
12b AND 113
Drop
Height Lead Styphnate Nitroglycerin

Design 13 Design i2b  Design 13
Trials P,c Trials Pec Trials Pe.

0 20 .15

2.5 Kg. Design 12b
Hammer Triais Pe,.

6 20 .05 10 0 10
8 20 .55 20 0 20 0 20 . 80
. 10 20 .75 20 .20 20 .05 20 .85
! 12 10 .50 20 .75 .
15 20 1.00 20 .85 10 . 80 |
20 20 .95 20 1.00 :
) 11-87
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It is seen from Table XXIX that as the drop-height becomes
>10 cm., the probatilitias of expiosion become the game for both
designs. For explosives of intermediate and high insensitivity, the
energy iost in stretching the wooden pin becomes negligible.

Design 13 was employed during the study of numerous liquid
explosive mixtures. These data are summarized in Table XXX and ;
XXXI1l. Graphical treatment of these data is seen in Figure 26. Solid $
explosives tested by design 13 are summarized in Tables XXXI and :

XXXIU! and Figures 27-29.

Plate X11 {llustrates the general damage to 1 1/4" strikers by
powerful explosions of 1-drop (40-50 mg.) of nitroglycerin. These are .
the most violent explosions encountered in sensitivity studies. The i
pitted anvil {A) of Plate XIl is due to the action of rnercury fulminate ’

explcding. Strikers and anvils are usable for about 5-10 trials with
this substance, and then require refacing.

Figure 37 shows the linear relationship between the logarithm of
the 50% explosion height and the percentage of desensitizer in a liquid
explosive mixture of sensitive and insensitive substances. Note the amount
of desensitizer required for the nitroglycerin to make it safe, yer explosive.
This latier value in % desensitizer is in the order 35-50%.

Table XXXIV and Figure 31 show data for now discontinued
design 12b. This design nas baen discontinued with solid explosives
because of a disturting reason. It was found that the 50% explosion
height for PETN was about 70 cm., provided the striker was merely
rested atop the usual heaped charge. However, if the charge were
flattened by pressiag fimrly on the striker and at the same time spinning
the striker to give a thin layer of PETN of 1 1/4* diameter, it was
found that explosibility from a drop-height of 337 cm. was only about
20%. The reason for this was likely the uneven distribution of energy :
to the thin charge. Energy dissipation likewise was encountered here.
Since such resuits would place PETN in a class with TNT, it was

decided to discontinue design i12-b.

As long as PETN charges were not flattened (as describzad) before

impact, the material showed 100% explosibility at 100-125 cm, But this
danger is apt to happen during any determination involving design 12-b.

11-89
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TABLE XXXI
e e i

DATA FOR SOLID £XPLOSIVES FROM DESIGN NO. 13

Drop Lead

Height  Styphnate PETN Pentolite RDX Tetsryl ‘rorgex-l
emy To®E, T Az T e T 3 I N

[ 10 [} !
[ ] 20 ]

19 29 20 .
18 20 85

20 20 100 20 ] 20 0 |
30 29 10 20 O 20 10 30 o )
40 20 15 20 1.5 26 10 20 0 20 i0

50 20 30 20 2.5 20 15 20 § 40 28.8

60 20 25 20 30 200 25

) 20 ] 0 1\

75 20 80 0 38 20 (2]

80 20 % 20 52.5

90 20 L L) e 1.8
100 20 95 20 3100 20 0 20 100 40 a3
128 20 5% ic 9%
150 20 10

175 20 70
200 20 61.5
250

300 20 9% [ ;
337 20 100 o

% E for Pentolile and sabsequant explosives is Ave. SE

Drop
Height Boron Torpex Manoi-2 Comp. B TNT Pleric Acid Explosive D
%E T %E

(Cm.) % I St T % I T

‘ .
. 4+
10
15 :
20

30 10
40 20

1=

(-]

2.> 20
20

> -
P~
(" ]
]
L ]
8
- -]

60 20
7% 29 7.5 20 22.% 0 1.% 40 10 20 (]

100 20 100 20 471.% 20 63 0 23.% 20 42.3 20 0
20 7.3

150 0 91.% 20 &% 40 48.8 20 s

20 "

200 1o 100 20 91.% 48 40 20
150 40 408

300 0 95 40 6.3 20 1.9
30 68,3 W .3
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TABLE XXXII

SUMMARY OF SIGNIFICANT GRAPHKICAL DATA FOR CERTAIN LIQUID
EXPLOSIVES AS TESTED BY DESIGN NO. 13 )

s -~ 3
g 2o : feo 2o
U D. . E O -« -
—~— p - [§] Q. e - = - ™
- " ~ s A S u &
= 2 - G 1] - e
=2 s & S 2 E o o3 a
° S & 2 &% o=z s
b a 0 4 —- 9 3 X ¢ £ o
) I = a9 9 WY G~
2, "2 ) X % o oy St
o [ Qe i w oy 2 oo QO y
= 13K) o o Q o0 o]
Q o K 1 »® S b a s
N = (o] o s pogpes -~
-3 ] -t o - 3
o " A -] g A 2 5 A ] }
- toe 3 - o - > 9
o ) - 2o - 2o Q>
— o . o -] a [= % a . -
. B : ol -t :‘0 -lf : -t ? o
. ‘5 g » o "R CE - " W i,
£ ‘E 2 ®» 2w ] j
x 5T« 3% g 3% i%
Name of Explosive a Q8§ o Q8 2 < <%
Nitrogiycerin 8.8 1.0 4.4 1.8 16% 1.0 1.0 1
80/20 NG-DGTN/
D.M. Phthalate 34.5 3.9 10 2.3 40 2.5 2.9
75/25 NG-DGTN/
D.M. Phthalate 42.5 4.8 21 4.8 60 3.8 4.5
¢
Diethyleneglycol-
dinitrate (DEGN) 48 5.5 15.8 3.6 98s 6.1 5.1
; 95/5 DEGN/DNT &2 7.0 23 5.2 142+ 8. 7.0
90/10 DEGN/DNT 16 8.6 21 4.8 189% 11.8 8.4 B
70/30 NG-DGTN/ '
D.M. Phthalate 36 9.8 10 6.3 189« 11.8 9.5 :
8%/15 DEGN/DNT 109 12.4 33 8.0 240 15.0 11.8 i
*Extrapolated |
. I-95% f j
103a
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TABLE XXX111

EXPLOSIVES AS TESTED BY UESIGN NO. 13

E g &
2 o o e
- 85 < o % so 2
= 8- - g2 % =2 -
o ® %4 5 87 3 37 &
> L) v 2 H ? s Y : ’a- g
kg X Az ¢ Sk 1 bk e
38 & T &z a @z 9
U S Q. ‘3 ] »® h [-] E: ]
0 w“ R ] oA 5
4 o I ® O o . Q O ~
J o Q O w be R_R O e o ° ;
Ts g o% 9 2= § Za= 2
at 2 Ya4 8 9% [ 9T €3
A, - [+ - o o o > 9
&ax 9 §go § §8 4 §9
wd B =0 2 S8 B 2¢ o°
O e - [ o " O % e
Name of By 2 WD 35 ¥ 25 R
. e 5 3¢ w» 23 38 53 S.
Explosive he @& QAL o WA ~ @& <3
L.ead Styphnate 6.7 10.7 5 8.6 14 19 3 9
PETN 1.3 64 29 21 35 105% 17.5 27
Boron Torpex 8.1 &6 30 33 55 92 15 33
50/50 Pentolite 7.1 66 30 30 50 98 16 32
Torpex-2 3.4 74 3¢ 31 52 150% 25 37
Tetryl 7.6 83 38 40 67 100 17 41
Compositios B 4.0 102 46 56 93 350 58 66
Minol-2 4.3 104 47 48 80 192 32 53
Picric Acid 5.1 109 49 70 117 242¢ 40 &9
RDX 1.5 110 50 22 37 337 56 48
TNT 1.8 220 100 60 100 600* 100 100
Ammonium Picrate == >337 >100 270 450 >337 >100 >100
sExtrapolated
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FIG. 30 THE EFFECT OF DESENSITIZER ON THE‘SO%

EXPLOSION HEIGHTS OF NITROGLYCERINE AND DIETHYLENE-

GLYCOLDINITRATE AS TESTED BY DESIGN NO. 13
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As PITTED ANVIL FROM EXPLOSIONS OF MERCURY FULMINATE

DAMAGE TO LARGE STRIKERS BY POWERFUL EXPLOSIONS
OF NITROGLYCERIN, WHEN TESTED BY DESIGN 13.

PLATE XIX
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In addition to delermining the average % explosions at various
drop-heights for design 13, a quantitative approach was attempted. The
various qualitative types of explosions obtained were given axbitrary
evaluations in an attempt to interpret the behavior of PETN aund Pentolite
as studied by design 13. From Figure 27 it is seen that the 50% explosion
heights are 64 for PETN and 66 for Pentolite., Practically, these are
vastly different because of the difference in the degree of intensity of

explosions of these two expiosives.

The procedure was as follows: arbitrary evaluations for various
types of explosions became: on the basis of 5.0 for a complete detonation
(Ec), N=0, D«D.10, E; =0.50, E= 2,50, E} =3.75, Eg=4.75.

These evaluations also represent the amount of material exploding, as
experience has proven that a D represents about 2% of the charge as explod-
ing, an E; as about 10%, an E as about 50%, E; as 75%, Ezas 95% and

Ec 28 100% exploding.

The evaluation principle was then applied to conventional data of
20 or more trials per drop-height. Each type of explosion was
multiplied by its evaluation to obtain a total evaluation,or EE,. This
total actually represented the average % of material exploding per
trial at a given drop-height. By this scheme, the most sensitive of
several substances tested at a given drop-height, would have 2 Z E,, of 100.

The above approaches a gas measurement, but of zcurse is
entirely personal and represents only an approximation to an actual
evaluation from a measure of the gas evolved during an e <plosion.

Table XXXV summarizes resuits from design 13 with the
evaluation principle applied, while Figures 32-33 show L E, as a
function of the logarithm of the drop-height as plotted on probability
graph paper. From these data, it is seen that PETN ard Pentolite
are in better order. RDX behaves out of line by design 13, and recently
it has been decided to use this design for liquid explosives only,
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By way of evaluating various designs we may conclude that
Nes., 3, 12 and 13 are the maner satisfactory at the present writing.
The No. 3 is satisfactory for camparing materials in the low and
intermediate levels of senaitivity, the No. 12 is satisfactory for
~umparing insensitive materials, while the No. 13 seems fairly
satisfactory for investigating campzarative behavior of liquid explosives.
Other deaigns all contain disadvantages which caused a discontinuation

of each.

A8 for future work, a newer approach to sensitivity work may
be attemptad. To obtain better reprecducibility in impacts, it is hoped
that an inverted pendulum type of machine will suffice. The idea
arose after an unfcriunite conciusioa that the failing weight machine
possesses, by nature, uncontrc.lable deviations in the form of
irreproducibility of impacts as the hammer hits the striker. These
slight differences are shown earlier in the form of 10 successive
imprints. The new machine, if equipped with excellent bearings for the
arm of the drop-hammer and aiso proper facilities to obtain good align-
ment of hammer and anvil surfaces, should produce more reproducible
impacts. This type of machine also gives a practical test in that the
explosive is struck directly by the guided weight corresponding to the
blow of a claw harnmer or a sledge hammer, depending upon the mass
of the proposed weight. Such a machine could be used for testing any
types of explosive, i.e., solid, liquid, molten or frozen material.

Another idea for future consideration is the substitution of
3/4" diamecter abrasive-coated metal discs for the flint paper of design
12. It is hoped that the reactio. of certaian oxidizing agents with the
paper base of the flint paper will be thereby removed.

It is likewise hoped that the measurement of the gas evolved
during explosions from impact may be carried out in the near future..

It is this writer's opinion that solid explosives will show
deviations regardless of the method of testing. The elastic proparties
of a given solid explosive seem to be the important factor in impact.
Hard, brittle, inelastic substances are usually sensitive to impact;
while soft, waxy, elastic substances appear in the intermediate and
insensitive categories. The pressure rise during impact is rapid and
reaches an enormous maximum value. The maximum pressure is
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dependent upon the modulus of elasticity of the subsiaice receiving
impact. With stcel, these pressures are reproduciltie, as the modulus
of elasticity is contant. However, with explosives, variations in
pressure occur while investigating the same substance, as tha elastic
properties vary throughout the maas. Fach scoop of a given explosive
may vary as to its modulus of elasticity; and as a result, different
pressures of impact are produced even though the hammer be dropped
from a given height for successive trials. The pressure variations
together wita the non-u~iform impacts of the hammer againast the
striker, will account for variations in the form of doubtful, partial,
common, loud and complete exploasions all occurring at a constant.
drop-height and also the irreproducibility of the same number of each
type if a given series be repeated.

The pressure variationa due to divergences of the rrodulus of
elasticity are most likely minimized in the case of liquid explasives, as
elastic properties are more nearly uniform here. Ia general, liquids
will explode with greater intensity than solida. This seems logical,
as in liquids the molecules are more compact and once the explosive
chain recaction be initiated, it can continue with greater ease; whereas
with solids, the gaps between individual molecules tend to hinder
propagation and less intensive explosions are produced. Past
experience has shown that solid explcsives are usually slightly more
sensitive when in a fine state of subdivision. This likewise seems
logical in that molecules are slowly approaching compactness and a
liguid in behavior as the subdivisions become finer and finer.

The unfortunate conclusion concerning solids is that at best

we will have to be coutent with comparative data representing an
average value of the limit of the true value.

Rogers F, Davis
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REPORT 11J .
; Bruceton, Pa.
C August 7, 1944

Report to: Dr. E. H. Eyster
From: RogemsF. Davis
: Subject: Supplement to Reports of March 13, 1944 and ‘

July 4, 1944 Concerning Bruceton Design No, 12
for Studying the Behavior of Explosives to Impact

This present report is to discuss recently acquired data with
Design No. 12 and also to present the probability plots of other
available data by the same design.

The procedure involved with Design No. 12 was discussed in
the report of March 13, 1944 (Copies: Dr. D.P. MacDougall and
Dr. J.C. Holtz); however, a brief review cannot be harmful. The .
method involves the use of a 1 1/4" diameter Ketcs steel striker of
31/2. 311/16" in length and the usual Ketos anvils of 1 1/4" diameter
and 2-2 1/2"in height. Ilustrations of the design are shown in .

Plates I and 1I.

The sample of explosive, measured volumetrically by means of
a small scoup or spoon of 17-18 mm? volume, is piaced atop a 1/2"
square of 5/0 Armour flint paper, which in turn is centered atop the
1 1/4" diameter anvil. The large striker is preassed atop the flint
paper-explosive cambination and tamped gently by a 1/2 cm. drop of
the 2.5 kilogram weight or drop-hammer. The tamping procedure is to
present a nearly constant surface of crystals to receive the impact.

L

Explosives are investigated by the so-called conventional
procedure, i.e., at least 20 trials are carried out for various drop- i

heights to obtain 0-100% explosibility, -

The practiczl elongated S-shaped curves of some 42 explosives
were shown in the March 13 report. These curves are obtained by '
plotting the average % explosions as a function of the logarithm of the
drop-h=ight on semi-logarithmic coordinate paper. The newer
interpretation involving probability graph paper is shown in the )
present writing.
m-2
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Table I shows in summary form the data used in the March 13
report. It is a phowograph of the large table appearing in this previous

writing.

Tables II - V show actual data for 42 explosives investigated
during August-October, 1943. These explosives are divided into four .
classes according to their sensitiveness. The classification is baged f
not entirely upon the 50% explosion drop-heights, but on the overall

curve for each explosive.

Table VI preserts actual data for seven explosives of a common
particle size. These seven are =ot to be compared with any of the
42 other substances, as the particle sizes are much different. The
latter seven explosives represent a coarse grained material and are
to be compared with each other only.

Figures 1-8 show the prcbability plots of data from Tables
11 - V. The average % explosicns iz plotted as a function of the
logarithin of the drop-height. Tzese values are obtained by treating
D or doubtful explosions as 1/2 explosions (see page [1-83-91),

Figures 11-17 show probability plots of data from Tables II-V

obtaired by treating doubtful expiosions as failures, i.e., plotting
% explosions only. These plots are made to reveal the 50% explosion

drop-heights only.

Figures 9, 10 and 18, 19 treat data from Table V1 in an
identical manner.

Table V1I summarizes the graphical 50% explosion drop-heights
of 42 explosives as determined from probability plots of actual data

§ from Tables 1I-V. Twu 50% explosion heights are listed, namely,
) that for average % explosions ard for % explosions only (doubtful
! explosions being treated as failures to explode). These 50% explosion
) heights are also converted to an evaluation scale with TNT set as the
S standard at 100 units. Table VIIl shows a direct comparison of the.
} two evaluated 50% explosion heights. It is seen that the same orders
| ‘ and values (TNT values), with few exceptions, exist.
| !
‘ ' These comparisons were made because it has often been the
i : opinion to note doubtful explosions, but to actually sum themas
, failures. To sum doubtfuls as explosions would change the practical.
. u1-3
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sensitivity order; and it is not fair or sensible from a practical
viewpoint, because doubtfuls are very low order “explosions®.

Table 1X shows the graphical data for the seven coarse grained
explosives, with TNT evaluations applied and compared,

An early argument against Design No. 1Z was that it could not
be used to determine the effect of added grit upon the sensitivity of a
given explosive. It was argued that the presence of grit in the
5/0 flint paper would nullify any sznsitizing effects of grit within the
explosive, A study of the effect of added grit upon the sensitivity of
RDX and TNT was recently completed with the employment of the
No. 12 design. It was encouraging to find that the presence of
>1% grit was easily detected. Table X surrmarizes these data, while
Figures 20-23, 25-28 treat these data graphically. Figures 24 and
29 show ‘he 50% average explosion drop-height of TNT and RDX plotted
as a function of the % cf grit in the explosive. The curves obtained are
as expected, indicating a maximum sensitiveness is reached when
about 20% grit is present. Two particle sizes of grit were used during
the study, but both gave approximately the same sensitizing effect in’
magnitude and general behavior., As the % of grit ta cause greatest
sensitiveness was exceeded, the curve again rises to an extrapolated

infinite drop-height for 100% grit,

The 50% explosion height for TNT without grit is somewhat
above normal, but these data were obtained by a different observer than
for the reference curve of Figure 8. Too, recent data indicate that
TNT is apt to vary in its 50% explosion height from 75-95 cm,,
depending upon the observer. The difficulty here is in the interpretation
of certain trials as doubtful explosions or as partial explosions.

Results from Design No. 12 are in general reproducible.
Tabulated below are 50% explosion drop-heights for 12 Canadian eamples
recently tested compared with 50% explosion drop-heights taken from
Table VII. These explosives were examined by the same observer,

although the samples were different.
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Explosive _Recent Data Table VU Data

PETN 8 9.5

Blasting Gelatin 13 ~--

RDX 15 15

NENO i3 23

DINA 25 25 ,
Pentolite 26 32

EDNA 34 31.5

Tetryl 37 32

Picric Acid 46 36

MNO 50 66.5

Composition B 56 55 : !
TNT 79 15 '

-

Another variable recently studied with Design No. 12 was the
effect of the weight of material tested upen the drop-heights necessary
to cause explosions. Data for thisgudy are . een for X a
Table XI. Graphical treatiment is seen in Figures 30, 32, Figures 3},
33 show the 50% explosion drop-heighis as a function of the weight of
material tested,

For TNT it is seen that lower 50% explosion heights are obtained
with smail samples; and as the layer of explosive beccmes thicker, the
drop-height must be increased. The same effect for RDX was not
displayed until >50 mg. charges were tested. ,

From data of Table X1 it is seen that the greatest effect of the
weight of sample appears at the <50% explosibiiity side of the curve,
while the effect disappears at drop-heights to cause >50-75% explosibility,

It was shown in the report of July 4, 1944 (see page 11-83-91) trat
reaction between oxygen-rich explosives and the paper base of the
5/0 flint paper does occur. Such 2 phenomenon should be considered
when studying this type of explosive compound. The use of metal discs
coated with abrasive would undoubtedly eliminate these reactions. Such
procedurs is for future consideration,

Now that sufficient data are available, it may be said that Design
No. 12 appears to be suitable for practically all solid explosives. The
111-8 :
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1
order of sensitivity obtained by this design appears reagonzble from ,
the practical viewpcint. '
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As KETOS STEEL ANVIL OF 1-1/4" DIAMETER
C s CHARGE OF EXPLOSIVE ATOP 1/2" SQUARE OF 5/0 FLINT PAPER

G * GUIDE RING FOR 1-1/4" DIAMETER STRIKER

N
! ’ Rs DEVICE TO CATCM DROP-HAMMER ON REBOUND
,‘ PLATE 1
} METHOD OF LOADING FOR DESIGN NO.12
o m-7
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As XKETOS STEEL ANVIL OF 1-1/4" OIAMETER.

P: SPIKE OR PIN TO PREVENT STRIKER'S ESCAPE
FOLLOWING IMPACT FROM A OROP OF » 128 CM OF

THE DROP- HAMMER,

$31-1/4" DIAMETER, 3+1/2° LONG KETOS STEEL STRIXER
OR PLUNGER

Ws 2.5 KILOGRAM OROP-MAMMMER OR WEIGHT,

e ELECTROMAGMETIC OEVICE TO NOLD ANO RELEASE
THE WEIGHT OR DROP-NAMMER.

R s OEVICE TO CATEN DROP-HANMER ON REBOUND

: PLATE I
, { THE DESIGN NO.12 WITH CHARGE READY TO RECZIVE IMPACT
: ] e
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REPORT 1V
Bruceton, Pa. ¢
September 28, 1945
Report to: Dr. Eugene H. Eyster
From: Rogers F. Davis
Subject: Concluding Discussion of the Problem of

the Bekavior of Explosives to Impact '

Summary .

This. report sarvas to diecuss a brief history of the impact
3ensitivity problem at Brucetcn and conclusions reached after three
years of developmental procedures. There are also discussed
recommendations which may ease the difficultiea ta be encountered in
future research on the problem.

Introductory Statements

A survey of developmental work on the impact problem at
Bruceton was presented .a two reports to Dr. E. H. Eyster (1). Itis
assumed that the reader is familiar with these reports in addition to
OSRD Report No. 804 (2), and numerous OSRD Inierim Reports in
which impact sensitivity is discussed by Drs. MacDougall and Eyster.

History ol the Problem

The general problem of the impact sensitivity of explosives is
built around the general query of: from a practical viewpoint, how
sensitive to impact are explosives of commercial ard military
possibilities? This may be expanded to include the safety aspects as i
far as manufacture, general bandling around the manufacturing plant
and in shipping, and the use that a particular explosive will be subjected
to if it is to be adopted by the Armed Forces.

i

To answer these problems, the so-called impact senasitivity test |

has been developed in the course of the last 40 years (1). Unfortunaiely, :
there has also developed tha general concejtion that a relatively simple ’
impact test conducted on an explosive will reveal its military and |
commercial aspects from a safety point of view. This particular ‘
approach is fulse in that the overall safety evaluation of an explosive

IV-2
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certainly does not reproduce all of the cuaditions of practice.

}_ cannot be obtained through the medium of a small scale test which
! With the exception of bullet sensitivity tests, 1t is only during
i the past five years (3, 4, 5, 6) that the important idea of developing
¥ a particular test to reproduce field corditions has materialized.
, :
' , In the final analysis, an impact machine can give an ordering in a
] HE. comparative sense of the behavior of expiosives to the particular impact
: i test conducted. We have found that by varying the conditions
(confinement mainly) that vastly differest comparative sensitivitien are

i obtained.

‘ We quickly arrive at the general question as to why we have the

' sensitivity test. The real value of such a test is to obtain informcation
concerning the comparative bchavior of explosives to a test that has
been conducted many limes on many explosives. Such a test usually is
the result of a period of development, and the comparative order of
explosives by this test is known. Likewise, the impact test is developed
along lines to give orders of sensitivity which are in reasonably good
agreement with practice. For instance, from & practical viewpoint

we would consider an impact test as misguiding if we found that Mercury

Fulminate were more insensitive than solid TNT or that Tetryl were more )
insensitive than Explosive D. We know the safety history of these

substances from practice. Thus, if we can develop a small scale test

that will give us a practical ordering of the sensitivity of explosives, we

have a preliminary criterion to evaluate the safety of the material. This

is indeed valuable in that long range developmental procedure on a given

explosive will not be attempted if initial tests indicate that it would be

unwise from a safety viewpoint.

-
.

Py
W I e Sttt oorsrinoe 08 ¢

Statement of the Problem

; : At Bruceton we have been confronted with four general aspects
! i of the impact sensitivity problem:

A. To develop a sensitivity test that would permit a definite
comparative evaluation of al} solid explosives.

3 B
i i B. To develop methods of intergpreting the results obtained.
e | )
SV, C. To develop a test that would give reproducible evaluations.
. ;. : Iv-3 .
, . : 170 » ‘ :
{ : g: CONFIDENTIAL
11
1o E
' - _
. [ - o . — o cv——
N e ' : . .




.

e - p——

CONFIDENTIAL
NAVORD Report 4236

D. To develop a sensitivity test that would agree with practice
in its evaluations.

Experimental Procedure

A. Developing a sensitivity test that would permit a defivite
comparative evaluation of all solid explosives:

Impact on an explosive may be direct or indirect. For the problem
at Bruceton, we have employed indirect impact, i.e., the small amount
(35 mg.) of explosive is placed between two parallel metaliic surfaces
and struck indirectly by means of a falling body of known mass which hits
the upper of the two parallel surfaces. The procedure involving indirect
impact is advantageous in that the metallic surfaces are subjected to
deformation from impacts and explosions, and frequently must be replaced;
thus a simple piston-anvil arrangement permits a more careful controi of
surfaces. Too, hits are more reproducible by using indirect impact in that
a falling body does not always follow the same downward path; but the
deviation is minimized by having the weight striker a rigidly ' eld piston
{striker or plunger) - anvil combination,

Table I and Figures 1-7 sumnmarize the important types of piston-
anvil combinations which were developed over a perio of three years
at Bruceton,

' The general conclusion regarding surfaces is that unless impact
energy be concentrated over a reasonably small area of non-flowing
explosive, the chances are that no or weak explosions will occur. From
the surfaces discvssed in Table I, we can see that the atove principle
18 nearly achieved in only one desigr, namely that of resting the explosive

upon abrasive materials,

B, Developing methods of interpreting the results of the impact
sensitivity test,

A discussion of the so-called '"Bruceton Up and Down'*
abbreviated and the conventional interpretation of resuite is to be found in
OSRD Report No. 804 and in report to Dr, E.H. Eyster from this writer.

A agewer statistical interpretation is discussed in the Applied
Mathematics Panel Report of July, 1944 (7). This report treats statistical
methods of calculating the height of fall to produce explosions with a
probability of 0.01, 0.10, 0,50, and 0,90 {rom a minimum of 100 trials

per explosive,

IV-4
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Experimental Resulis

C. Developi:g a sensitivity test that would give reproducible

results:

Obtaining reproducible results has been the most difficult phase
of the impact problem at Bruceton.

_ The general conclusion is that some mechanical means of
determining the extent of explosion fro'n impact must be developed, instead
- ~rsonal judgement, This has been attempted by measuring

plosion with a microphone-amplifier-oscilloscope set-up.
not enough data were obtained toansier the question of
ity, as some eleven explosives were tested only once by the

of relying on
the sound r
Unfortuna:
reproduc.

conventis.ual scheme.

Recently an electrical trigger circuit has been connected in series
with a microphone, amplifier, and oscilloscops. In the trigger cizcuit,
a small neon light is actuated by the sound blast from an explosion.

The irigger was calibrated to fail to light when the 2.5 Kg., drop-hammer
fell 11 feet {maximum drop-height of prusent large impact machine) to
strike a "blank explosive". In our case this was a "charge" of sodium
chloride. Any louder sound would have actuated the light. The light is
not cor ect ir all cases, however, and the circuit needs the attention

of an elec:rical engineer at the present time. Althaugh the circuit is
not perfect, the method of qualitatively interpreting results seems to be
in the right direction. (Subsequently, work was done at the Naval
Ordnance Laboratory on the neon light system. Final resulta are
described in Appendix I of NAVORD Rerport 3592, "Factors Affecting the
Behavior of Explosives to Mechanical Shock®, G. Svadeba,

18 December 1953,)

A comparison of mean values of common explosive for the Type 12
impact machine may be seen in Table II. Tables III and IIla show the kind
of reproducibility in results obtained by personal judgement and also by

the trigger circuit.

Iv-10
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TABLE II

i 1 " COMPARISON OF OBSERYER AND MECHANICAL LIGHT FOR MEAN
! . VALUES OF 50-TRIAL "UP AND DOWN" RUNS FROM TYPE 12

IMPACT TEST. (Numbers in Parentheses Indicate Number of
Ruas to Obtain Listed Mean Value.)

-

s/ ’ Common Name Observer (J. M.} Light
! of Explosives Mean{ecm.) TNT=100 Mean{em.) TNT=100
oo PETN 12 (4) 7 10 (1) ?
. RDX 19.(7) 12 19 (1) 13
! DINA 22 (N 13 25 (2) 17
*+Tatryl 41 (5) 25 41 (1) 27
; - 3Pentolite 42 (6) 26 28 (1) 19
, EDNA 42 (2) 26 28 (1) 19
' { *Torpex, Unwaxed 50 (3) 30 38 {1) 59
. sMinol-2 60 (3) 37 30 (1) 20 .
. S ESFES=Tetrytol 67 (1) 41 103 (1) 69
! : *Composiiion A 72 (5) 44 75 (3) 50
P #55/45 Ednatol 74 12) 45 87 (1) 58 .
; (! *Fivonite 4 (1) 45 90 (1) 60
) : sComposition B 82 (10) 50 70 (3) 47
' ; sTorpex-2, Waxed 83 (17) 51 86 (1) 57
| I sHBX, Paraffin 116 (3) 1 140 (1) 93
| ! *sTorpex D-1, Paraffin 136 (16) 83 209 (1) 90%
, ! sUWE 141 (9) 86 207 (1) 90%
| x, *TNT 164 (io) 100 150(13), 231 (1)*s 100
i Explosive D 255 (1) 155 272 (1) 18*
33 (1) 22

#50/50 Amatol

ety v h e se

XINT = 231 cm. Others, TNT = 150

sMaterial screencd 50% through 16 on 30 mesh and 50% through 30 on

; 50 mesh.
{ )
é s#Value obtained on day Torpex D-1, UWE, and Explosive D were
‘ tested.
| {
| i
| 7 V-1l
| . 178
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TABLE Il1

DATA SHOWING REYRODUCIBILITY OF RESULTS OBTAINED BY
PERSONAL JUDGEMENT FROM THE TYPE 12 IMPACT T¥ST
INVOLVING 50 TRIAL "UP AND DOWN®" RUNS

Explosive Mean YValues { Rounded)

PETN 10.5, 13, 13, 12

DX 18, 15, 15, 18.5, 23, 21, 24

Tetryl 39, 33, 42, 53. 40

Pentolite 44, 319, 44, 44, 38, 41

EDNA 4C, 44

Torpex, Uawaxed 46, 57, 46

60/40 Cyclotol 55, 66

DBX 52, 15

Composition A 69, 75, 69, 75, 71

55/45 Ednatol 71, 77

Composition B 86, 65, 76, 72, 74, 68, 82, 54,
116, 114, 81

lorpex, Waxed 81, 86, 8t, 85, 82, 107, 90, 83,
60, 62.5, 72, 85, 69, 92, 96, 85,
91

HBX, Paraffin 107, 121, 120

HBX, S:anolind 141, 120, 132, 113, 127, 123,
125, 107

Torpex D-1, Paraffin 152, 130, 132, 136, 134, 134,

126.5, 100, 107, 212, 1o0%, 145,
142, 134, 118, 99

UWE 1¢. 105, 118, 121, 132, 169,
<03, 167, 149

Minol ‘ 65, 68, 47

TNT 130, 145, 171, 1496, 161, 123,

138, 141, 165, 156, i3, 176,
207, 253, 1389

1v-12
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TABLE Illa

! DATA SHOWING REPRODUCIBILITY OF RESULTS ©BTAINED BY
- TRIGGER CIRCUIT FROM THE TYPE 12 IMPACT TEST
- INVOLVING 50 TRIAL "UP AND DOWN'" RUNS

i /' Explosive Mean Values {Rounded)
Composition B 70, 64, 77
Caomposition B-~2 7%, 70, TL.5
Composition A 68, 73, 83
% , DINA 24, 25
R TNT 130, 134, 125, 134, 132, 143, 140, .

13, 130, 155, 182, 197, 231
{(arranged chro=ologically)

iy Seryer ey

The above values were obtained by using the neo= light as the
criterion for an "up' or "down' in height during the actual runs. On the
day the value of 231 cm. for TNT was obtained, the Light was checked
against the oscilloscope by photographing the traces; and it was found

) that the light was incorrect. Deflections of maximur= rise on the trace

' were as great as 5.5 mm. for TNT and yet registered as N by the light.
Past experience has indicated that deflections greater than 3.0 mm. are
nearly always an indication of an explosion.

Below are shown data from the actual run whkick llustrates the
exror of the neon light interpretation. The explosive is TNT and the
mean for the run was calculated to be 230.8 cm. The observer is seen
to be correct most of the time.

E TR

.

it

Iv-13
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Height Li«ﬁi‘ Observer Deflection H L O D
o 15 N Ep 4.9 212 E E; 2.7
} 106 N E 5.8 150 N N 5.0
: : 150 N N 1.2 21z N N 2.1
- : 212 E By 7.9 300 N D 5.0
‘ 150 N N 1.7 (424) () (E)  ---
) i 212 N D 3.1 366 E E 1.0
g f 300 E E 6.3 212 N D 3.4
212 N D 4.8 300 E E, 5.8
. 300 N Ep 4.7 212 N N 2.0
(424) (E) (E) .- 300 E E; 8.3
, ‘ 300 E E} 6.2 212 N Ep 5.1
' ' 212 E E 7.3 300 E Ep 6.0
’ ' 150 N N 1.6 212 N D 4.5
| 212 N N 1.6 300 N Ep 5.0
: 300 E D 4.0 (424) (E) (B)  ---
‘ 212 E E 6.6 300 E E 6.0
150 E E 6.4 212 E E 8.0
‘ . 106 N N 1.2 150 N N 0.8
! C 150 N E 4.1 212 N N 2.3
; 212 E N 3.5 300 E E 5.8
‘ 150 N N 1.1 212 E E, 1.1
) 212 N N 1.2 150 N N 1.4
300 E E} 7.0 212 N D 4.1
. 212 N N 1.0 300 E E 5.9
' 212 N N 1.1
| 300 E E 6.0 300 N D 3.0

3 Once the electrical abnormality of the trigger circuit is corrected,
a one may undoubtedly expect better reproducibility. At this writing the

‘ light has not been corrected because of the absence from this
laboratory of the designers of the circuit, Mr. Axlered and Mr. Kollar.

2 v It may likewise be an aid to obtaining better reproducibility among
results to use small explosive pellets of initially constant dime nsions
instead of testing random shaped heaps of explosive for the impact
"charge''. Also, by measuring the gas evolved during explosion in a

J closed impact system, or by measuring the blast pressure evolved
during explosion from impact may render results which are in better
agreement. ' Iv-14
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D. Deveiuping an impact test which gave results in agreement
with practice. -

This has not been realized in an overall sense with any design
yet developed at Bruceton. The Type 12 impact machine comes nearest
to giving an ordering of sensitivities which is in agreemnent with practice.
The deviations for this particular design appear with oxygen-rich
substances, in which the sensitivity evaluations appear toe Ligh juse
sensitive than expected).

We have verificatioa {1) that oxygen-rich substances react with the
paper base of the {lint paper, and are thereby sensitized. This is
especially true of KCl0,, .\'H4CIO4, NH4NOj3 and mixtures containing
NH/NO; such as Amatol, Minol, and DBX.

An approach to eliminating this diffichity was suggested sometime
ago by Dr. MacDougall, ia that abrasive coated metal disks should be
substituted for the flint paper. This was attempted, but the disks
appeared to have too fine an abrasive coating and the explosive flowed .
during impact as with smooth surfaces. Disks coated with coarser
abrasive should eliminate this difficulty.

Conclusions
A. General Theory

It iy 3 general statement that an explosion occurs when the heat
supplied is greater than the heat removed in a given reaction. This
likewise infers that an explosion occurs when the rate of heat application

exceeds the rate of heat removal (8).

In the impact test:

Heat may be applied by: Heat may be removed by:
a. A resistance to rapid a. Conduction.

compression.

b. Frictional phenornena. b. Radiation,

¢. Adiabatic compression of c. Convection,

air entrapped around crystals. .

IvV-15
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Whether or not a sutstance undergoes rapid compression will
depend upon its hardness. Saft cyrstals will offer less resistance to
rapid comprcssion, as their plastic flow pressure will be low. These
substainces will permit the impact energy to be concentrated over a
greater area than for a hard substance. This prcperty will in turn
minimize frictional effecta, the adiabatic compression of entrapped air
(it should flow outward with the flowing of the solid), and as a result
explosiona {raom impact should be low in frequency and of a low order in

intensity.

A hard crystal, on the other hand, will tend to resist rapid
compression as its ability to flow is practically non-existent., Hard
substances are always brittle and possess an exceeidingly great or an
indeterminate plastic flow pressure, as they usually fracture under great
pressures. This property will permit the impact energy to be
concentrated over a small area, and as a result explosions should be
high in frequency and of greater violience than the case of soft, semi-
plastic explosives.

Can we then say that, in general, hard explosive crystals are
sensitive to impact while soft crystals are insenasitive? The answer is
affirmative in most cases, but exceptions do occur. This ia best seen
in Table IV which roughly compares some common explosives as to
hardness and sensitivity.

The exceptions seen in Table 1V, notably Nitromannite and
Lead Azide, indicate that a factor other than hardness is involved in
estimating impact sensgitivities. This iactor is most likely the thermal
activation energy of the explosive. Thermal activation energies for
several explosives were determined by Henkin (9) for gradual application
of heat. In the impact process thg heat is most likely applied over a
period of time of the order of 107° to 10°% sec. The values of and
comparative orders of thermal activation energies for heat applied in
this interval of time may not necessarily be comparable with those
measured b° Henkin; but his data are worth considering.

Henkin immersed a copper vial containing about 25 mg. o
explosive into a molten alloy both of known temperatures, and measured
the time for explosion to occur. Naturally, it required a fipite time to
apply heat to the explosive. The lowesat expiosion time Henkin measured
was about 0.07 sec. iIn our case, the impact process has undergone
comj.etion in 0. 07 sec.

IvV-16
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\ : TABLE 1V

A ROUGH COMPARISON OF SOME COMMON EXPLOSIVES AS
TO SARDNESS AND IMPACT SENSITIVITY

.\_.

Comparative
Comparative Impact Sensitivity
Hardness® Design 3 Design 12
Explosive H. 1. L. I. L. H. L L

Lead Styphnate ?
‘ Nitromannite
; Lead Azide
t
|

%
MM KR |

PETN
RDX
DINA
WNENO

; EDNA

i - Tetryl

4 Pentolite X

Fivonite

Composition B

Picric Acid X

Emmet

Compoasition A

TNT

Exp'osive D X X

L
AMH KX HHENHAK
LR T B
L
L R K]
LR N

WA

g Hardness Senasitivity
' H = High = Hard Sensitive

1 = Intermediate = -

L = Low = Soft Insensitive

'é J ........ - o o o o *® e o =

*By personal judgement and estimation from experience in handling
these substances.

i
1 |
! . Iv-17 .
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Henkin plotted log|g t (time or induction period) as a function of
the reciprocal of the Absolute temperature, and obtained a linear

\ ' - relationship over most temperature ranges studied. The slope of the

straight line determines the thermal activation energy from the

well-known equation:

L _ E 1
J loglot- f.m -T- + constant

where t is the length of the induction period
R is the gas constant, expressed in calories
T is the absolute temperature
E is the thermal activation energy,
cxpressed in calories

Shown below is a comparison of Henkin values of E (9) with rough
evaluations of hardnesgs and impact sensitivity.

v e e w—

| ) ‘ Comparative Comparative Impact
. Hardness Sensitivity
{ o, Explosive E(Calories) H. I L. H. L L.
1,‘ I.ead Styphnate 53, 800 ? X
PETN 22,000 x X
DINA 12, 000 X X (X)
NENO 17, 200 X X
EDNA 10, 000 X X (X)
- p Tetryl 14, 400 X X
. Fivonite 13, 500 X X (X)
_ Emmet 15, 000 X X {(X)
; Picric Acid 27, 400 X X (xX)

{X) Type 3 Impact Machine

A o, @ goegr s

——

N : Soft materials with low activatiun energies are: Fivonite, Tetryl,
i o DINA, EDNA, NENOQ, and Emmet. These appear generally in the

] i ’ intermediate class of sensilivity. Their low activation energies may
tend to shift them from the insensitive class of explosives, as the

IV-18
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PN N

latter would be expected on the basis of their softness. However, under

high confinement where their flow cannot counteract the low activation

\ : / energy, these substances appear as relativcly sensitive substances. This .
is seen in previously reported data (1) from the Type 5 impact machine.

A28 el

‘ These substancews likewise appear insensitive under impact
o conditions where they may flow relatively freely. This is seen in data
‘ A4 from the Type 1 and Type 3 impact tests (1).
-
4 ’
3 The notable exception of high activation energy and high

sensgitivity seems to be Lead Styphnate, but its comparative hardness is
questionable. The high value of E may explain why this substance
explodes with greater viclence than most other explosives. Once it
becomes activated, the decomposition is most violent and complete in
nature. The presence of the heavy lead atom may explain the exception
\ in that appreciable internal strain is undoubtedly present within the

: . molecule. This may also be true in the cases of sensitive Mercury

{ ‘Fulminate and Lead Azide, where again heavy metal atoms are held

' by comparatively weak linkage.

gy

b

: : Another chemical factor which may determine sensitivity to a

i : certain degree is the heat of explosion. Exploaives with the higher heat
of explosion may tend to be more sensitive, in that a group of molecules
L activated to explosion will activate neighboring molecules by the heat of

{ explosion and propagation occurs. This property may account for the

) different propagation properties among explosives.

f
. : Theoreiical heats of explosion of some explosives have been
. calculated by Brinkley and Wilson {(10) and are correlated fairly well
¢ . with impact sensitivity, as seen below.
: E Comparative '
: i Heat of Explosion Impact Sensi- Propaga- i
. Material K cal. /Kg. (25°C) tivity tion ‘
PETN 1410 High Good i
! RDX 1240 " "
1 r NENO 1211 Intermediats T
: EDNA 981 " "
Tetryl 890 " "
£ MNO 736 Low Fair
. ( TNT 650 ' " "
Iy
, ], I Iv-19
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These threc properties of an explosive, namely, the comparative
hardness, the thermal activation energy, and the heat of explosion seem
to give a reasonably good preliminary estimale of the sensitivity class
of the explosive. Heavy metal salts seem to be the only outstanding
exception here.

It scems logical to assert that future research directed to the
measuremant or cilculation of these properties may reveal important

information.

General correlation of sensitivity with available heats of explosiox‘nm),
thermal activation energies (9), and comparative hardness may be seen
below. Comparative hardneas could possibiy be determined by measuring
the velocity of sound in the explosive, as this represents the speed of the
compression wave through the material. Materials in which the velocity
of sound is low are soft, while hard substances permit sound to travel
through them with greater velocities (11}, Jones (12) has recently
developed a method for measuring the velocity of sound in explosives, but
his data are restricted to mixtures and only one (TNT) of the above pure

substances.

: Heat of Thermal
Comparative Compazrative Explosion Activation

Sensitivity Hardness K cal. /Kg. Energy
Explosive H. L. 1. H. 1, L. Calories
PETN X X 1410 22, 000
RDX X X 1240 cemee-
NENO X X 1211 17, 200
EDNA X X 981 10, 000
Tetryl X X 890 14, 400
MNO X X 736 ceee--
TNT X X 650 —me—e-

B. Recommendations for Future Development

{a) A Type 12 impact machine should be developed in which the
abrasive paper is replaced with an abrasive coated steel disk of about
1' diameter and 1/32" thickness. (Glass cloth has been used at the NOL

1v-23
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but it is hard on the opecrator; see NAYORD Report 3592.)

() A closed system employing a desiop as discussed under (1)
above should be developed tc measure the blas: preasure during an

explosion from impact.

{c) The explosive charge should be either a small cacting or
pellet, cylindrical in shapes and of constant initial dimensions, Pellets
or castings of 0.065-0.075" in height and 0. 25" diameter would be
adequata. The random shapes and contact areas of an initial scoop or
heap of explosive would be greatly minimized, should pellets be adopted.

{d) The striking surface of the falling weight should be curved
instead of flat. Ii mechanically possible, a hardened steel sphere which
could be rotated aiter each impact would be ideal in that repeated impacts
would not be occurring over the same area to soon cause a deformation

of the curved surface.

(e} 1. The base of the piston-anvil helder should be circular .

instead of square and should be made rigid by at least four instead of
the usual two cap screws. Lock washers should algso be used with thege

cap ecrews.

2. The piston-anvil holder should be one piece of equipment
instead of a two piece holder, as are present holders.

3. A press fitted hardened steel insert should rest directly
under the anvil to eliminate d»‘ormation of this area, which occurs with

cold roiled steel.

4. The ouly interchangeable part of the piston-anvil holder
should be the means of hoiding the anvil rigid and the piston guide ring

(press {itted). The present arrangement seems adequate aera.

{n A revised Type 3 impact test could be developed in which the
0. 306" diameter striker or piston tips are changed to 0. 500" diameter,
and the brass cups are repiaced by hardened steel cups of about the same
depth as current brass cups but of about 0.502'" i.d. The cup material
is important in that if it fows during impact, it permits creepage of the
explogsive and in turn enables the explosive to escape much of the impac?
Hardened steel cups should not flow appreciably and explosions

energy.
of greater freguency and violence may be obtained with insensitive
Iv-2l
188

CONFIDENTIAL




-

N mmc e A

CONFIDENTIAL
NAVCRD Report 4236

materials, Tco, the 1/2" diameter piston would be durable for impact

energies greater than 500 Kg.-cm.

{g) If the intensity of sound is continued ta be used as a
criterion of explosion, the tests should be conducted ir a constant

aumidity and temperature room.

(h) Dr. K. W. Tuckey of the AMP at Princecon University,
Princeton, New Jersey recently visited us and has s:3gested that the
interior walls of thae firing chamber of the impact machine be covered
with a sound absorbing material to eliminate possible echo effects,
defiections of the scund waves, and perhaps guide the compressicn wave
directly to the microphone. (7This procedure is in use at the Naval

QOrdnance Laboratory.)

(i) Fundamental studies with impact are nzed=d:

1. Investigation of the theories of Hertz {°3) and
St. Venant (14) should be undertaken to verify or discredit them as the

case may be.

2. Contact times between bodies represen.sd by the surfaces,
velocities, and masses of the present impact test shoulc be measured.

3. The impact pressures involved in the impict test should

be known. These could be measured with a large, stron.:.y built

condenser gauge,

() An impact machine should be developed in which velocities
25 ft. /sec. couid be obtained, A compressed air-driven drop-bammer
could easily approach velocities encountered in bomb dropping t ests and

most likely those attained in rifle bullet tests.

{x} More work should be directed towarde the development of
specific tests to answer a specific impact problem.
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Other Reports Which Include Recent Impact Senaitivity Work at the
Naval Ordoance Laboratory, White Oak,
Silver Spring, Maryland

The following list of reports containa sensitivity data ohtained at
the Naval Ordnance Laboratory subsequent ta termination of the war~time
work at the Explosives Research Laboratory, Bruceton, Pennyslvania
in 1945, Termination ¢of the Bruceton work resulted in moving the
impact sensitivity facility to the Naval Ordnance Laboratory, The list
is intended to be complete although some omissions may have occurred.
Some NOL reports other ttan impact reports have been included because
their subiect matter is considered to be relevant to the general field,

A few reports, other than those originating at NOL, arve alao
listed for the purpose of czlling attention to the ideas and data which

they contain,

J. M. Downard and R. W. Lawrence

Sensitivenees of High Explosives, 30 March
1946, Confidential {Final report on contract
OEMsr-T719 with the Hercules Powder Co.).

(1) OSRD 6629

(2) NAVORD Report
66-46 George F. Strollo
Container Dent Sensitivity of Fxplosives,

1 April 1946, Confidential.

{3) NAVORD Report
85-46 R. J. Seeger
Final Report on Comparison Test of Impact

Sensitivity of Military Explosives, Part I,
Summary of Data, 14 Auguat 1946, Confidential,

{4) NAVORD Report
94-45 R. J. Seeger
Final Report on Comparison Test of Impact

Sensitivity of Military Explosives, Part II,

IV-24
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Discussion of Results, 14 August 1946,
Confidential,

{5) NOLM 10,003 E. H. Eyster and L. C. Smith (Naval
Ordnance Laboratory Memorandum, White
Oak, Maryland)
7 Studies of the ERL Type 12 Drop-Weight
Impact Machine at NOL, 25 January 1349,
Confidential.

-

(6) NOLM 10,022 E. H, Eyster and L. C. Smith
Gasometric Studies on the WOL Drop-Weight
Impact Machine, 16 February 1949,
Confidential,

(7) NAVORD Report
1589 N. D. Mason
! Impact Sensitivity Determinations of
' Explosive Compounds Tested During the
‘ Period from 1 January 1950 to 'Noveriber— *
1950, 1 November 1950, Confidential.

—— e e

{8) NAVORD Report
2111 G. Svadeba
Impact Sensitivity of Primary Explosivas,
: 1 June 1951, Confidential,

o ——

(9) NAVORD Report

: 2140 G. Svadeba

! Impact Sensitivity of Perchlorate Exgiosives,
! 28 June 1951, Confidential.

e s
e T
%

(10} HNAVORD Report
2181 G. Svadeba
Impact Sensitivity Loterminations of Explosive
Compounds Tested During the Period
1 November 1950 to 1 August 1951,
!l August 1951, Confidential.

- -

ey

g
+
‘

——— ——
LY
.

“§4’u~;".p;p_, v
PP

[

Ve
)

1v-29
92
CONFIDENTIAL

an'

e

oy _gm:-:d- :
part

T




e

B S

- ——————

-

(11)

(12

(13)

(14}

(15)

(16)

NAVORD Report
21917

NAVORD Report
2433

NAVORD Report
2579

NAVQRD Report

2647

NAVORD Report
2832

NAVORD Report
2940

NAVORD Report
3592

CONFIDENTIAL
NAVORD Report 4236

O. H. Johnson

Preliminary Studies of the Desensitization
of Explosive Compesitions of the Type
Aluminum/Ammonium Perchlorate/2DX,
17 September 1951, Confidential,

G. Svadeba

Sensitivity of Explosives to Impact; Period
of 1 August 1951 to 1 May 1952, 5 May 1952,
Coniidential.

Russell McGill

The Sensitivity of Explosives, 7 August 1352,
(Translation of a2 Japanese Impact Sensitivity
luvestigation by Masayoshi Niimi, Journal
of The Military Explosives Society, 30

Mo. 2 106-111 (1936). —

G. Svadeba
Impact Sensitivity of Primary Explosives,
1 November 1952, Confidential,

G. Svadeba
Desensitization of Ammonium Perchlorate
Explusives, 9 April 1953, Confidential,

G. Svadeba

Sensitivity of Exploaives to Impact, Period
1 May 1952 to 1 July 1953, 1 July 1953,
Confidertial

G. Svadeba

Factors Affecting the Behavior of Fxplosives

to Mechanical Shock, 18 Decembes 1953,

Confidential.

» o ¥

L Iv-28

193

CONFIDENTIAL




R I S I Yee e e e

Rt ¥ e

i m CONFIDENTIAL
~ " NAVORD Report 4236

1 {18) NAVORD Report
I 3853 D. J. Addorizio and G. Svadeba
3 ' Microscopic Analysis of Desensitized *
' Zxplosives, 29 October 1954, Confidential.
{19) ARF Project (Final report for the Naval Ordnance
' C-023 L.aboratazy)
> ‘ Kiyo Hattori and W. C. McCrene

Desensitization Studies, 10 June 1955,
Confidential {covering the period of contract
15 April 1951 to 15 May 1955),

PP e b,
Y 2.

-—ll

- {200 NAVORD Report
3955 George Svadeba
' Sensitivity of Explosives to Impact, Period
1 July 1953 to | November 1954, 23 May 1955,

: Confidential.

¢

' (21) NAVORD Report .
. 4058 L.E. Starr, S. Duck, G, W. Reynolds

Sensitivity of Exploaives to Impact, Period

! 1 November 1954 to 1 May 1955, Confidential, .

T e ettt b St o il it . - ..

Gap Seasitivity Reports

(1) NOLM 10, 336 (Naval Ordnance Laboratory Memorandum,

White Oak, Maryland)
E. H. Eyster, L. C. Smith and S.R. Walton

The Sensitivity of Explosives to Pure Shocks,
14 July 1949, Conf{idential.

(2) NOLM 10,577 R. H. Stresau and L. E, Starr
Some Studies of the Propagation of Detonation
Between Small Confined Explosive Charges,
15 Juiy 1950, Ceonfidential.

PR SN

{3) NAVORD Report
2370 C. C. Lovenberg
Booster Sensitivity Investigatioins During the

Period from July 1949 to March 1952,

:y\‘u.—n g

L

-

£
L
| O v-27
O » 194

' 2 w CONFIDENTIAL

. 1 »

i Lt '

i 3

-4y




YA

\-

e r———— - ——

S el my e — " £ e vt <ot b

(4)

(5)

(6)

(7

(8)

(9

(10)

NAVORD Report
24%4

NAVORD Report
2589

NAVORD Report
2884

NAVORD Report
2997

NAVORD Report
2938

NAVORD Report
3608

NAVORD Report
3753

NAVORD Report 4236

20 March 1952, Confidential.

W. E. Dimmock, Jr,
A Small Scale Gap Sensitivity Test,
Confidential.

2 July 1952,

C. C. Lovenberg
Booster Sensitivity of Ammonium Perchlorate,
19 August 1952, Ccufidential.

G. D. Edwards and T. K. Rice

Liquid Monopropellants: Progress Report
No, 2: Detonation Sensitivity, 25 October
1953, Confidential.

A Sensitivity Test for Castable Liquid Explo-
sives Inciuding Results for Some New
Materials, 22 October 1953, Confidential.

J. Savitt

Effect of Acceptor Explosive Confinement

Upon Acceptar Sensitivity, 12 November 1953,
Confidential.

J. Savitt

Some Observations Which Suggest a Possible
New Procedure for Certain Sensitivity Tests,
2! January 1954, Confidenti .

J. Savitt
Some Observations on the Growth of Detonation,
25 August 1954, Confidential.

IVv-28

195 .




o .. -

i Misceilaneous Reports

! ‘ ‘, (1)  OSRD 5617 E. M. Boggs et al

[ Initiation Studies on Solid Explosives,

: 23 October 1945, Confidential (ERL,
Bruceton, Pa.).

I
PRRERIIPY SIVEF1 P

{2) OSRD 5609 H. A. Strecker

vy
4‘ g: : Initiation, Propagation and Luminosity
‘ ) Studies of Liquid Explosives, 3 December 1945,
;‘; Corfidential ( ERL, Bruceton, Pa.).
’} (3) NOLM 10288 J. M. Rosen
i Taliani Apparatus for the Measureiment of
[ ! { ; Thermal Stability of Explosives, 10 January
b | 1950, Confidential.
' ] : (4) NOLM 10824 J. M. Rosen
I v The Thermal Stability of Miacellaneous High
i i Explosive Samples and Related Materials,
{ ! 30 January 1950, Confidential,
! L
| { (5 NAVORD Report
'] N 3703 G. J. Bryan and J. W. Enig
E ' 4 : Ignition of Propellants by Hot Gases, Part II
: y Ignitability Comparisons of Twelve Propellants
¥ and Some Ef{fecis of Shape on Ignitability,
10 December 1954, Confidential,
4
2 A : (6) NAVORD Report
3748 J. W. Enig

Ignition Energies of Solid Propeliants,
29 April 1954, Confidential,

BT TR Y TS

g




.-

———— . —

F v
N. RD Repcrt 4236

COMMENT ON SENSITIVITY AND THE USE OF IMPACT MACHINZS

D. Price

Statament of Probiem and Background

The sensitivity of a material cannot be exactly defined but it is
the tendency of the material to show some exothermic reaction unET &
wide variety of conditions. The reaction may be as mild as a rapily
quenched burning or as violent as a high order detonation, If it ca=
lead w an accident while the material is being handled or used, it

must be coasidered evidence of undesirable sensitivity of the mate===z

There is apparently no compiiation of field accidents in the =se
and handling of high explosives from waich some statistical scale
of over-all sensitivity might be compiled. Consequently various
investigators have baen using a variety of small scale tests to assess
*sensitivity" and have been unable to designate any of the numerocs ralings
cbtained as best reflecting the field accidents. Naturally a highly
confused and unsatisfactory situation has resulted.

The small scale tests used for sensitivity measurements giz= 2
sirngle point value in circumstances where a family of curves shoc<i3 e
obtained if the materiai is to be adequately evaluated. To make t==s
situation clearer, an analogy in the study of metals may be consiCe==d,
Nc one now expects to rate metals by measuring the stress necesz=y
to produce cne particular value of strain. Instead, the entire stress—
strain curve is obtained for each metal, and if two curves happen
cross, a reversal in the rating of the metals at different stress Levels
is expected. Finally, it is recognized that different rates of stress
appliication result ir different stress«strain curves.

The situation in seasitivity evaluation is very comparable. =1is
believed that the tutal thermal energy received by the material a.x:rT t.:e
rate at which it is received are the two factors compietely detersrm=xyg
its tendency to react. Of course, it is more difficuit in this case zan
in the case of metals to deterinine how much of the energy provifziﬁ
actually goes into the material; that depends on the heat conductisizy
and czpacity of the material itself.
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Recently G.B. Cook has in’egrated the heat conductivity-self
aeating equaticn* for boundary conditions to be expected in isothermail
baths for five explosives for which the necessary physical values
were available. The results demonstrate that for a straightforward:
application of thermal erergy, reversals in rating will occur for
‘ ratings carried oul ai 2iffcrent temperatures. In cther words,
reversals under diiferent test conditions are to be expected and are
confusing only because the ¢ntire curve has not been determined,

1a dbu et

In the case of propellants, most accidents occur during use of rthe
material as a fvel, i.e., as a result of its exposure to thermal ener;zy.
In the case of high explosives, with the exception of cook-off phenomeena,
most ascidents are associated with some type of mechanical impact
i i ' {dropping a shell, penetration by a bullet, sympathetic detonation)..

o n In this latter case, the same factors of total thermal energy and ratee 2t

{ I : which it is received are still fundamental, but ar additional one of thee

! : . eifectiveness of converting the impact energy into thermal energy

; becomes equally important. Thus the general statement that heat

I , sensitivity and impact sensitivity are unrclated seems incorrect. Iit
seems most probable that the mechanism of initiation is thermal andd

is the same in both cases, but that physical factors such as hardnesss of
; the material affect the conversion of the impact energy iata thermall
! energy so that the rate at which theenergy reaches two explosives difffer
even when the impacts are identical. Thermal tests {vacuum stabiliity
at 170°C, cook-off temperature) show tetryl to be more reactive than
RDX. Mechanical tests (rifle bullet, booster, impact) show the revesrse.
This might be explained by the fact that RDX kas a Moh hardness off

2. 5 while that of tetryl is 0. 7.

\-
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Imnact Machine Test

A e L )
4
e ——... o ———— o
-

-

i ..
; L The mechanical test in widest use (i.e., the sasiest and quickeast)
. ¢ is the impact machine test. Comparison of test results from one lzth
] with those of another show a chaotic condition, but this test will alrmust
' ) K certainly coutinue to be used for some time as the chief criterion off
! i ; Judging safety in handling., It is, therefore, of some importance ta ffind
| a way of achieving 3ome agreement in the test results.
|

A A o
SRR Y LN TN PRy

*This includes both factors: total thermal energy and rate at whiciniit is
received. See G.B. Cook, The Theory of Thermal Explosions,
A.R.D.E. Reports 19/55 and 27/55, Oct. 1955,
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This test is a single point evaluation,' and, therefore, never
representative of sensgitivities to be expected over a range of conditions.
In orer to be a satisfactory impact test, the point of evaluation must

be $o chousen that the test values satisfy two criteria:

-y

1) They must be reliably reproducible.

) They must order cxplosives in a rating equivalent to that
whizx would be found by a statistical evaluation of {ield accidea:s due
to mechanical impact.

Unfortunately, no statistical evaluation of {ield accidents is
availsxle. However, some well established qualitative information
can > used. For instance, TNT has been handled safely for many
years, 2nd Explosive D {ammonium ricrate) is even less sensitive than
TNT as evidenced by the use of picratol (Explosive D/TNT, 52/48)
in a::m0T piercing and semi-armor piercing shells. On the other hand,
RDX is so sensitive to muchanical impact that it cannol be used alone.
It is =sed only in combination with less sensitive materials such as TNT
or wax. Other gualitative information of thia type is available, but the
present examples serve to show that a useful impact test must rate
these materials in the order of RDX, TNT, Explosive D for decreasing
sensitivity, Unless an impact tesi rating is in agreement with the
available handling information, its test values should never be considered
as szusitivity ratings of the explosive.

The difference in sensitivity ratings from laboratory to laboratory
arises, of course, from using test values obtained at different evaluation
points as sensitivity ratings. Different tcol types are used in different
mackines and tool types similar to No. 5 (whici does not satisfy
criterion 2) are quite prevalent. While there is general agreement that
the 32% explosion level is easiest to measure, there is some opinion
favoring the use of the 10% level in a safaty evaluation.

The purpose of the work reproduced in this NAVCRD Rcport was
to cevelop a set of tools by use of which impact test values satis{ying
the two criteria of a useful impact test could be obtained. Itis
reproduced here so that other investigators may profit by it, and not
need to retrace the initial development work. By the end of his
investigation, Davis had found that, of the tools tested, type 12 best

i-ad the critcria for most solid high explosives, and type 3 was
“imary explosives and very sensitive high explosives.
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Hs recommecded type 103 tools::ior liquid high explosives and the
discanding of the other ttypes oif tools studied for reasons noted in the
Tepewis. Why Eyster amma Daviis subsequently recommended (OSRD 5744)
testizg with tool #vpes 33, 5, ar=d 12 is not clecar. %= saine acta were
consilared im both casevs and thne data (those reparted here) indicate

that tvmie S tools result2ed in vailues which satisfisd neither of the teat

critar.a.

The presect data l:indicatcs that ratings at the 50% level were
Senerilly the sacme as rratings cat the 10% level if the type 12 tools,
2.5 %3, weight and 35 mig atanciard sample size and preparation were
used. The sarms rating .at twoc different levels weould not necessarily
be ex=ected for any genssral tesst. It must also be kept in mind that the
impac? test gives a stattistical.cevaluation and is, therefore, subject to
the li=itatioes of any sizatisticzal study. In particular, one cannot expect
to olsiin sigmiScant vailies forr the lower levels with a statistical sample
size cf only 25-LD0 shasts,

LINo. 12 twols (oxr a bettter design) should e establirhed, there is
Sliis somte coutred wora. that skhould be carried gt on this test. It
rensizts of imvesdigating the eiffect on test values of

1. Crganic matterial.({sandpaper and ity adhesive)
2. Other weighats thac the 2.5 Kg one now used
A Ten: peraturre variaation

*. Paysical staate cof ssample

{(a) Use osf prassased and cast pellets rather than powder.

L) Presesed peiliets preferable for comparison of high
explosive tesst valintes with those of propellants,
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